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DEVELOPMENT OF NUCLEAR ENERGY IN BRITAIN 


HE examination of the work of the Production 
Group and the Development and Engineering 
Group, into which the Industrial Group of the Atomic 
Energy Authority was divided in July 1959 by the 
Select Committee on Estimates, was described in the 
Committee’s Fifth Report for the Session 1958-59*. 
The report is noteworthy as the first detailed exam- 
ination of the work of the Authority by a Parlia- 
mentary Committee. The Industrial Group comes 
well out of this scrutiny ; the Select Committee makes 
numerous favourable comments, and it has since 
been announced that the Authority has accepted 
substantially all the Committee’s recommendations. 
The organization of the Authority was, of course, 
scrutinized two years previously by the Fleck Com- 
mittee, which was particularly concerned with the 
organization of the Industrial Group, and the re- 
arrangement made last July was contrary to the 
recommendation of that Committee, though intended 
to reduce the span and hence the burden of manage- 
ment, which the Fleck Committee had itself regarded as 
a weakness in the Group. In welcoming this decision, 
the Select Committee expresses the opinion that the 
advantages are now such as to offset the disadvantages 
which led the Fleck Committee to oppose such a 
change at the time. 
While the report is of particular interest for the 
ight it throws upon the position of the Industrial 
roup in Britain’s research effort, and the magnitude 
f the demand made for man-power and other 
sources, the two main questions with which the 
slect Committee was concerned are the general 
rategy of the development of nuclear power in the 
Tnited Kingdom and the relation between the 
uthority and the industrial companies operating in 
is field. The staff position, and to some extent the 
search effort, is directly related to the organization 
the Industrial Group, nor can either be separated 
arply from the general policy adopted in the 
evelopment of nuclear power or the way in which 
his development is shared between the Authority 
the industrial consortia. Both are competing, 
example, for highly skilled man-power which is 
atively scarce, and it is now only too clear that the 
ket for nuclear energy is relatively limited. 
One feature in the situation is the rapidity with 
hich the Industrial Group has expanded. From a 
of 16 when the original nucleus was formed in 
p Production Division of the Ministry of Supply in 
6, the Industrial Group had grown to a staff of 
000 in 1955, and by March 1959 to more than 
000 ; and its annual gross expenditure is estimated 
have increased by 50 per cent between 1956-57 
H 1959-60 ; about half the present staff of 18,000 are 
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employed in the factories. The total is expected to 
exceed 23,000 by 1961-62. Works staff has increased 
by 16 per cent between 1958 and 1959 and is expected 
to increase by a further 12 per cent between 1959 
and 1960. The Research and Development Branch 
increased by 9 per cent between 1957 and 1958, and 
a further 22 per cent increase on the 1958 figure is 
expected by 1960, including an increase of 600, of 
whom 80 are senior staff arising from acceptance of 
the recommendations of the Fleck Reports. 

Nevertheless, the real check on the magnitude of 
the development effort of the Group has been the 
shortage of scientists and engineers, and serious 
difficulty has been encountered in filling the most 
senior posts. As already noted, the decision to split 
the Industrial Group was made to reduce the burden 
of management at the managing director and deputy 
managing director level, and to the same end the 
Authority has decided to restrict its research, develop- 
ment and design organizations to an annual growth 
of about 8 per cent for the next three years. This 
decision must strictly limit the number of reactor 
systems which the Group can develop; but since 
limitation is imposed in terms of staff, not expendi- 
ture, expansion in excess of this figure could be 
achieved by placing more contracts with industry 
and the universities. 

The industrial consortia are understood to be 
employing already some 4,000 men on reactor design 
and development; but on this question of the 
balance of the whole research and development effort 
of Britain, the Select Committee, which welcomes the 
Authority’s decision to limit its annual expansion of 
staff, makes no comment. It recognizes, indeed, that 
total development effort cannot be properly con- 
trolled on the basis of ad hoc decisions on individual 
development projects, and it found no evidence of 
over-staffing at any of the works or establishments it 
visited, though it expresses concern as to the size of 
the Risley headquarters, where about 20 per cent of 
the Group’s staff is employed. About half of these 
are employed in the Engineering Branch, and several 
hundred in the Finance and Personnel and Adminis- 
tration Branches. The Select Committee does not 
regard the Engineering Branch as excessive in size at 
present, but suggests that it should remain fairly 
static in size; and it is clear from the report that 
the Authority is fully conscious of the danger and, 
apart from the beneficial effect in this respect of the 
creation of the two new Groups, is also taking 
measures to see that opportunities of down-grading 
jobs are not missed. 

Some of the Select Committee’s specific recom- 
mendations bear closely on this question of efficiency. 
Thus it suggests that the increased status and 
responsibilities of works general managers should be 
recognized in a way that will ensure that these posts 
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attract men of the high calibre required. Further, 
the Authority should consider whether more formal 
arrangements are required to co-ordinate the work of 
the Production and Development and Engineering 
Groups when the present arrangements have been 
tried over a reasonable period. It is also recom- 
mended that after a reasonable period of experience 
of the new organization, the system of co-ordinating 
the work being done at the various laboratories 
should be reviewed, to avoid duplication or lack of 
balance. Generally, the Committee was satisfied with 
the way the Industrial Group has tackled a succession 
of novel problems, and the recognition of the im- 
portance of cost is shown in developing a modern 
system for controlling expenditure. Military require- 
ments, however, are now ceasing to be the pre- 
dominant influence in the work of the Group, and 
with the growing emphasis on reactor development 
and commercial activities, it is the more important 
to bring industry into partnership with the Group so 
as to obtain the greatest economic value from 
scientific and capital resources in this field. 

Here in the section on partnership with industry 
the Select Committee makes some important com- 
ments. Admittedly, only a Government-financed 
organization can, at this stage, afford the necessary 
capital, the extended research and development work, 
or the long-term risks that are required for the 
development of nuclear power for civil purposes. 
The primary responsibility for the development of 
nuclear power for these purposes in Britain must lie 
with the Authority, if the limited resources of the 
nation are not to be dissipated. Nevertheless, the 
relative positions of the Authority and of industry 
have been changing rapidly, and the Select Committee 
believes that the Industrial Group should respond to 
the changed situation by bringing industry into 
closer partnership at every stage of development. 

This should include a deliberate policy of enabling 
industry to play a greater part in certain activities 
for which the Group has been largely responsible in 
the past, partly to ease the strain on the Group’s 
own resources, partly to ensure that resources avail- 
able to industry are economically employed, and 
partly also to enable industry more quickly to acquire 
the ability to originate and exploit nuclear develop- 
ments itself. Specifically, the Committee recommends 
that the Industrial Group should invite the industrial 
consortia to attach a limited number of people to 
experimental reactor projects and take positive steps 
so as to make sure that they are quickly aware of the 
progress of work on such projects. If no experimental 
reactor is to precede the prototype stage of a system, 
the consortia might be invited to join the Group in 
technical discussions as soon as feasibility studies are 
complete. More contracts with industry are also 
suggested for the design and construction of complete 
chemical and fuel fabrication plant, and it is expected 
that four-fifths of the additional design capacity 
required by 1960 will be provided under design 
contracts with industry. When further expansion of 
plant for the fabrication of fuel elements is required, 
the Select Committee recommends that the Authority, 
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the Electricity Generating Boards and the consortia 
should jointly consider the possible advantages of 
these facilities being provided and operated by others 
than the Authority. 

The industrial consortia are already making a con- 
siderable contribution in research and development 
on the Magnox system, which they are exploiting com- 
mercially, but during 1958-59 only about 8 per cent 
of the Group’s operating expenditure on research 
and development was accounted for by extra-mural 
contracts with industry and universities. Most of 
this extra-mural work was done with industry, and 
the Committee particularly welcomes the evidence 
that the Authority now intends to increase consider- 
ably the volume of research and development work 
being placed with industry. This will mainly be work 
not requiring irradiation or radioactive examination 
facilities in mechanical or electrical engineering, 
gas dynamics, heat transfer and metallurgy of reactor 
systems. It is planned to treble the value of extra 
mural work in the next few years, and, it is hoped, 
increase tenfold between 1958-59 and 1959-60 the 
extra-mural research expenditure by the Dounrea: 
establishment. 

The pattern of research and development at Doun- 
reay is somewhat different from that at other estab- 
lishments, and the work of the laboratories there is 
not so easily separated from that of the rest of the 
establishment. Most of it is in support of the fast 
reactor, but work is included on enriched fuel elements 
for the Dounreay materials-testing reactor, exam- 
inations of these elements after irradiation anil 
plutonium technology. The most noticeable feature 
about the research effort of the Industrial Group as 
a whole, however, is the rapidity of its growth. In 
terms of operating expenditure, the research and 
development effort increased by about 280 per cent 
between 1956-57 and 1959-60 and by about 110 per 
cent even if Dounreay expenditure is excluded, while 
the gross expenditure of the Group is estimated to 
have increased by about 50 per cent between 1956-57 
and 1959-60. 

The Select Committee expresses no opinion as to 
whether the total research effort of the Industrial 
Group is too large or too small, but, while it is 
impressed by the way the Authority has so far kept 
the reactor development programme co-ordinated 
and concentrated, it does not appear to be entirely 
satisfied that this will remain so. In terms of man- 
power, it is estimated that about a quarter of the 
Group’s total research effort will still be employed in 
relation to Calder Hall and Central Electricity 
Generating Board reactors, about a fifth on the 
advanced gas-cooled reactor, and about a tenth on 
the problems of the fast reactor. This is much the 
same as in 1958-59, and the Select Committee does 
not think it desirable that the Industrial Group 
should be required to devote continuing and large- 
scale effort to achieving marginal improvements in 
the operating performance of systems it has developed 
in the past. The Group’s principal task is to create 
and develop new systems, and it is recommended 
specifically that research and development work of 
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this character on reactors at present under con- 
struction for the Central Electricity Board should, so 
far as possible, be confined to problems with which 
the Electricity Board and the industrial consortia are 
not equipped to deal. 

The strong support which the Select Committee 
lends to the development of the fast reactor pro- 
gramme is noteworthy, and particularly in view of 
the importance which it attaches to a proper balance 
of effort. It recommends that this priority should 
now receive special consideration, and it particularly 
welcomes the assurances that essential work on this 

ystem had not suffered from lack of plutonium, that 

the fast reactor was not being held back by work 
being done on any other reactor system and that the 
whole plutonium technology research programm 
is to be extended. The Select Committee’s assessment 
of the situation has indeed gained in value since the 
report was issued in view of the tendency in some 
current discussions to discount the nuclear power 
programme on account of the over-stocking of coal. 
On balance, the Committee regards the Authority as 
right in limiting its effort as it has done, even to the 
extent of devoting no design or development effort 
in the Industrial Group specifically to reactor systems 
for export. 

Nevertheless, the Select Committee considers that 
the Authority as well as industry should be ready to 
make some contribution in this field, and the limita- 
tions imposed by man-power considerations alone on 
a research and development effort of the magnitude 


NATURE . 


of the Atomic Energy Authority is sufficient reason 
why the research and development effort of the 
whole of Britain needs to be brought very carefully 
under review before entering on large commitments 
in new fields such as space research. That has 
been very eloquently pressed by Mr. Woodrow 
Wyatt, and also by Mr. F. V. Corfield, Mr. G. de 
Freitas and Mr. G. Chetwynd in an adjournment 
debate in the House of Commons on February 22. 
Fortunately, Mr. G. Rippon, Parliamentary Secretary 
to the Ministry of Aviation, who replied on the 
debate, while sympathizing with the cogent argu- 
ments advanced, did not depart from the warning 
of the Advisory Council on Scientific Policy that 
there is a financial limit to what Britain can do. 
Mr. Rippon pointed out that while the Advisory 
Council has not recommended any British partici- 
pation in the attempt to launch human beings 
into space, it is convinced that British science and 
technology have contributed, and would continue to 
contribute, valuable results in space research. The 
review by the Select Committee on Estimates of the 
work of the Industrial Group of the Atomic Energy 
Authority shows once again the severe limits on the 
resources of Britain, the vital necessity of keeping 
the research and development effort in reasonable 
balance, and the desirability that contributions in 
new fields such as space research should be made in 
specific directions appropriate to the special skills 
available in Britain and that where possible they 
should be part of an internationally based approach. 


SUPERFICIAL CHEMISTRY AND SOLID IMPERFECTIONS* 


By Pror, F. C. TOMPKINS, F.R.S. 


Ce at the boundaries or interfaces between 

two different phases, for example a solid and a 
gas, has unusual properties. Of the many problems 
involving gases in contact with a solid surface, per- 
haps the most compelling and least understood is 
that of heterogeneous catalysis, which in the present 
context is confined to the acceleration of the rate of 


reaction of gases brought about by the introduction - 


of a solid surface. There is a marked contrast 
between the extremely successful efforts of the 
industrial technologist in producing specific and 
efficient catalysts and the modest progress made 
in the elucidation of the basic principles of 
catalytic action. However, particularly in the past 
fifteen years, considerable advance has been made 
in our understanding of the bonding of gas 
molecules to surfaces of solids (here restricted to 
metal surfaces) largely arising from the use of new 
techniques. 

The surface of a metal may be compared to a large 
free radical with ‘dangling valences’ which readily 
form chemical bonds of strength and character similar 
to those in primary chemical bonds. Not until 
the brilliant experimental work of J. K. Roberts in 


* Substance of an inaugural lecture delivered at the Imperial College 
of Science and Technology, London, on February 2. 


Cambridge, some thirty years ago, was it recognized 
that this process of chemisorption of a gas, in particu- 
lar of oxygen, was practically instantaneous even at 
— 196° C. Calculation shows that oxygen at a 
pressure of 10-?° atm. forms a complete chemisorbed 
monolayer within 1—2 min. so that, at least in respect 
of chemisorption, most of the earlier experimental 
work has to be rejected. The problem to-day is, in 
principle, solved by the use of modern vacuum pumps, 
which attain pressures lower than 10-?* atm., so 
that time can be made available for accurate measure- 
ments. However, since the metal surface is bound 
to have been in contact with air at some time, there 
is the difficulty of the initial removal of the chemi- 
sorbed layer since, for example, oxygen is so strongly 
bound to a tungsten surface that heating to 1,500° C. 
in the highest vacuum over a period of a year will not 
remove it, nor is hydrogen reduction at this tempera- 
ture any more effective. Only by flashing at 2,500° K. 
can a clean surface be obtained, and, even so, this is 
brought about by breaking the W—W bond and not 
the W-O link. However, Beeck’s method of evapor- 
ating a metal in high vacuum and condensing the 
vapour on the walls of the reaction vessel has virtually 
removed the major difficulties of obtaining clean 
metal surfaces. 
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A chemisorbed layer has a tremendous effect on 
the electron emission from tungsten at 1,500° C., 
because of the increase or decrease of the energy 
required to free an electron from the metal ; from this 
change of work function the dipole moment of the 
chemisorbed bond may be calculated using an 
elementary theorem in electrostatics. The sign of 
the dipole gives information as to whether the metal 
acts as an electron donor or acceptor, and the magni- 
tude is a measure of the extent of charge transfer ; 
this knowledge has value, since the catalytic effect 
of metals may well be dependent on their acting as 
sinks or sources of electrons. The results of these 
investigations can be combined with those of others ; 
from the heat of chemisorption, the strength of the 
chemisorbed bond may be estimated; from the 
change of electrical resistance brought about by 
chemisorption of gases on metallic films, the extent of 
localization of electrons in the bond may be deduced ; 
and from the change of magnetic susceptibility, the 
difference in the number of paired electron spins (a 
property of covalent bonds) can be obtained. Con- 
siderable information is therefore available, and 
correlation with the known efficiency of metal 
catalysts may be sought. 

For example, copper, silver, gold are ineffective 
catalysts for hydrogenations or in carbon monoxide 
and hydrogen syntheses, whereas nickel, iron, cobalt 
are highly efficient. From the fundamental investiga- 
tions, the bonding of these gases to copper, silver and 
gold is non-directional and largely electrostatic in 
nature; with nickel, iron, cobalt it is specific and 
directional. Hence it is probable that an efficient 
catalyst must impose an orientational effect and so 
induce the formation of a particular configuration 
of an unstable, short-lived, intermediate product 
which forms the initial point of a sequence of events 
leading to the final products of the process—and the 
possession of directional properties can be associated 
with specific features of the atomic structure of the 
transition elements which are absent in Group IB 
metals. 

Advantage may also be taken of the fact that the 
sign and magnitude of the dipole moment of the 
chemisorbed bond are specific. Thus, the CO-bond 
to nickel has a dipole moment five times that of 
hydrogen, both being negative outwards from the 
metal, and four times that of the CO-bond to copper, 
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where, however, it is positive. An example is the 
reaction of carbon monoxide and hydrogen at an 
iron surface. The bonding of carbon monoxide to 
the surface is similar to that between the carbony] 
group and the iron atom in the free molecule, iron 
carbonyl (Fig. 1); hydrogen, however, is adsorbed 
as atoms which are located between the surface iron 
atoms, that is, interstitially (Fig. 1). When there 
are equal numbers of carbon monoxide molecules and 
hydrogen atoms in the saturated layer, possible 
structures are shown in Fig. 2, with the corresponding 
measured or estimated work-function changes. 
Structure (b), and particularly (c), the aldehyde 
structure, have frequently been postulated in many 
mechanisms for this particular reaction, but none is 
consistent with the measured work-function value 
(Fig. 3). However, a surface structure analogous to 
the iron hydrocarbonyl molecule (Fig. 4), often 
suggested as an intermediate product in liquid-phase 
syntheses of similar nature, in fact gives the experi- 
mental value. Here the hydrogen atom (probably 
~ 1A. from the surface) ‘donates’ about half the 
electronic charge to the metal. 

The interesting new feature is the dual role of the 
hydrogen atom (Fig. 5)—it is bonded interstitially 
between two metal atoms, only when these are free 
of other attachments. It then carries an overall 
negative charge, is difficult to detach from the surface, 
but is reasonably free to move over the surface. 
When, however, the two metals have engaged in 
chemisorption of carbon monoxide, despite the fact 
that the hydrogen atom can easily get into the inter- 
stitial position, it prefers to remain ‘outside’ the 
surface, between the carbon monoxide groups, where 
it carries a positive charge. From this position it is 
easily detached, is highly reactive, and can move 
over the surface with comparative ease. The metal 
therefore appears to act simultaneously as an electron 
donor and electron acceptor, and the catalytic process 
may thus have some analogy to the Bronsted—Lewis 
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acid-base catalysis familiar to students of solution 
kinetics. Similarly, when a nickel surface is con- 
taminated with chemisorbed oxygen, subsequent 
hydrogen adsorption gives a structure shown in 
Fig. 6, and this may be one reason why the industrial 
oxygen-contaminated) catalyst is much more effec- 
tive than a clean nickel film, provided that the H* 
species is an essential requirement for efficiency. 

A second example is the oxidation of carbon 
nonoxide by oxygen on a copper catalyst. As in the 
previous example, gases are added separately to the 
catalyst at a low temperature, and both the quantity 
of each gas chemisorbed and the corresponding work 
function changes are measured. The temperature 
is slowly increased, when some carbon dioxide, the 
product of oxidation, and carbon monoxide are 
evolved ; the amounts of the two gases desorbed and 
the accompanying change of work function are 
recorded. Possible structures of the complexes 
remaining at the surface can now be postulated and 
the calculated estimates of the changes of work- 
function are compared with that actually obtained. 
In this system, only two or three structures for the 
rest of the complex on the surface remain. Finally, 
fresh gas, the nature of which is chosen such that 
chemisorption should take place with a known change 
of work function, is then added. If the experimental 
facts then accord with the forecast, the sequence of 
events is a reasonable and consistent one. This is 
illustrated in Fig. 7, where the process of separate 
absorption (a), (6b), partial desorption (c) and re- 
adsorption of carbon monoxide (d) is depicted with the 
corresponding experimental values of the work- 
function. 

In the past five years, another powerful technique, 
in which infra-red spectroscopy is employed to 
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elucidate the structure of surface complexes, has 
been successfully exploited. Advantage is taken of 
the fact that frequency of vibration of atoms in 
molecules is specific to a particular bond and its 
immediate environs, and this may be identified as a 
band in the infra-red spectrum. 

The major difficulty in the application to chemi- 
sorbed substances is the requirement that there must 
be a comparatively large number of molecules in the 
light beam before the spectrometer can ‘see’ the 
bands. LEischens has recently shown this to be 
possible by depositing the metal on exceedingly 
fine particles of non-porous silica, which itself is 
reasonably transparent to infra-red light. Already, 
three different forms of binding of carbon monoxide 
to metal surfaces have been recognized, all of which 
have their analogues in the well-known free molecules, 
the metal carbonyls. Furthermore, the concentration 
of each structure can be determined from the intensity 
of the infra-red band ; in particular, when hydrogen 
is adsorbed ‘on top’ of a chemisorbed carbon monoxide 
layer, there is no loss of intensity of the CO-band 
such as would result from combination of CO with 
hydrogen, nor do any new bands attributable to 
CH or OH or CHO bonds appear. These results 
confirm the conclusion drawn from the experiments 
on the work-function which suggested the hydro- 
carbonyl structure. 

There are still many formidable experimental 
problems to be solved before the full power of the 
infra-red technique can be exploited for studying 
chemisorption. One aspect, where its usefulness has 
already been indicated, is the investigation of the 
non-uniformity of the surface. The bonding is 
undoubtedly different at certain ‘active patches’, 
and by noting the change in frequency of the infra- 
red bands, the surface may be ‘scanned’. 

This non-uniformity at the surface arises in part 
from the imperfect structure of the solid. The 
electron diffraction experiments of Laue eé al. in 
1912 were accepted as the first experimental proof 
of the theoretical concept of a crystalline solid as a 
perfect, orderly, three-dimensional array of atoms ; 
but in 1914 Darwin directed attention to the intensi- 
ties of the pattern, which were 10-100 times too large 
for diffraction from a perfect array. His suggestion 
of a large number of small crystallites imperfectly 
aligned and cemented together has finally led to the 
recognition of dislocations as general imperfections 
of all solids. However, in addition, crystals have their 
maximum stability when the lattice has vacancies 
(atoms missing from lattice sites) and interstitials 


‘(atoms squeezed into abnormal positions between 


lattice sites). Physical chemists interested in the 
chemical reactivity of solids now regard the nature 
and number of these imperfections as being of greater 
significance than the particular geometrical arrange- 
ment of atoms in a crystal. 

With an ionic crystal such as sodium chloride, 
there are both cation and anion vacancies carrying 
opposite virtual charges, and having mobility. They 
therefore tend to attract each other to form neutral 
double vacancies and higher aggregates. Indeed, the 
solid may be regarded as the solvent and the point 
imperfections as the ions, and then such electro- 
chemical terms as association constants, ion-pairs, 
solubility product, transport numbers, etc., may be 
applied and interpreted. Where there are abnormal 
electric field gradients, such as exist in the neighbour- 
hood of dislocations, vacancies and _ interstitials 
can be directed to specific localities—indeed, the 
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dislocation can give birth to point imperfections and 
also become their burial ground. It is therefore 
reasonable to associate the preferential reactivity of 
solids at certain unique localities with the presence 
of imperfections. Such abnormal regions may be 
made visible by certain etching and decoration 
techniques and may well represent, at the sur- 
face, the ‘active centres’ of the Taylor school of 
catalysis. 

Within the solid, the dislocations provide paths 
along which atom or ion movement can occur more 
readily: they are localities where atom (ion) re- 
arrangement is easier ; and they represent positions 
where a product of reaction finds space for precipita- 
tion and aggregation. 

Many of these concepts have been applied to the 
mechanism of the thermal decomposition of solids, in 
particular metal azides, which, when heated, decom- 
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pose to metal and nitrogen. In these compounds, 
the formation of point imperfections has been 
followed, their combination and aggregation recorded, 
and, finally, the details of growth of the metal speck 
analysed. From ionic conduction, the number of 
imperfections and their speed of movement through 
the lattice have been calculated ; from the electronic 
conductivity under ultra-violet irradiation, the 
number of free electrons and their trapping probability 
have been assessed ; and other information has been 
obtained from absorption spectra and electron spin 
resonance. 

In all, the recognition of the role of imperfections 
has not only gone a long way towards the solution of 
the problem of how mass and charge are transferred 
in a solid but has also suggested the use of a large 
number of new techniques to further the study of this 
complex problem. 


CHROMOSOMES IN PRIMARY NEOPLASTIC GROWTH 


By Dr. K. BAYREUTHER* 


Institute for Cell Research and Genetics, Karolinska Institute, Stockholm 


T was the German embryologist Theodor Boveri 

who first aroused interest in the chromosome 
constitution of tumour cells. On the basis of studies 
on abnormal chromosore segregation and the result- 
ing disturbances in the early larval development in 
dispermic fertilized sea urchin eggs, Boveri formulated 
the hypothesis that the malignancy of the mam- 
malian somatic cell might be the result of a certain 
aberrant chromosome constitution’. The early 
efforts to test this concept yielded no conclusive 
information, however, mainly on account of inade- 
quate methods. 

During recent years critical facts have been collected 
by means of improved techniques about the chromo- 
some cytology of various tumours. As a result dis- 
cussion about the significance of aberrant chromo- 
some constitutions in cancer cells has been revived. 
Several investigators consider that karyotype instabil- 
ity is not essential for the acquirement of neoplastic 
properties*. Others regard genetic variation at the 
chromosomal level as the cause of neoplastic trans- 
formation or at least indispensable for tumour 
progression*. The view of the latter group is mainly 
based, however, on results from material which is 
not truly representative of primary tumours. 

With these opposing views in mind, karyotype 
analysis has been undertaken in some spontaneous 
tumours, virus-induced tumours, tumours caused by 
endocrine imbalance, and chemically induced primary 
tumours in various species including the domestic 
fowl, mouse, rat, Chinese hamster, domestic rabbit, 
cattle and man. The results obtained will be 
outlined. 


Observations on Tumour Cells 


Spontaneous primary tumours which were entirely 
untreated were studied in mice, cattle and man. 
As can be seen from Table 1, 68 out of 78 (87 per cent) 


* Present address: Department of Radiology, Stanford University 
School of Medicine, Stanford, California. 


neoplasms analysed revealed the species-specific and 
sex-specific normal chromosome complement. Thx 
majority of the experimental tumours were collected 
at the earliest possible stage of development and then 
showed mostly normal chromosome complements. 
Abnormal chromosome constitutions were as a rule 
restricted to tumours of large size. Frequently thes« 
showed several cell-types with numerically and 
structurally different abnormal chromosomal con 
stitutions, often with no predominance of any on 
type. 

A quite different picture was obtained, however 
when primary spontaneous leukemia cells with th« 
normal chromosome set from mesenteric lymph gland 
of four AK-mice were separately transplanted to fow 
animals of the same strain. The karyotype integrit 
was lost in three of the four lines in the first passag: 
During four subsequent transplantations the lin: 
which was normal in the first passage remained so, 
and the other three lines, which at the first passag: 
contained a wide range of karyotypes, were in th: 
fifth passage predominantly populated by a singl 
line-specific abnormal cell type in all sites. 

These findings indicate first that gross chromosony 
re-organization seems not to be essential for th« 
acquirement of malignancy in spontaneous neoplasms, 
and that differences in the degree of malignancy as 
in the case of acute and chronic leukemia in man 
cannot be ascribed to a diversity in chromosom« 
complement. Secondly, they suggest that the 
abnormal constitutions are of secondary nature and 
arise spontaneously in the course of tumour develop- 
ment presumably as a consequence of neoplastic 
changes on other levels, and that the cytogenetic 
stem-line concept‘ has no general validity in th 
primary spontaneous tumour growth. Finally, they 
show that the chromosome mechanisms in the primary 
growth of spontaneous leukzemia may be quite differ- 
ent from those in the transplantation growth. 

Virus-induced Tumours. Virus-induced neoplasia 
was studied in four species of experimental animals, 
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Table 1. CHROMOSOMES IN SPONTANEOUS PRIMARY TUMOURS IN Mice, CATTLE AND MAN 
































j : - 
| Number of tumour sites studied | 
§ ies eee - 
(standard chromo- Tumour type | Cases Normal Abnormal 
some number) | Total chromosome Cells chromosome Cells 
constitution counted constitution counted 
Mouse (2n = 40) | Lymphocytic leukemia | | | 
(generalized and localized) 16 36 32 493 4 50 } 
| Mammary adeno-carcinoma | 
| _ (MT'I-free) 12 12 9 357 3 121 | 
| Hepatoma 6 6 4 | 164 | 2 98 | 
Ovary tumour | 4 4 4 176 - one 
| Uterus tumour j 10 | 10 9 371 1 21 | 
| 
Cattle (2n = 60) | Lymphocytic leukemia 2 2 2 | 68 | — — | 
Man (2n = 46) Acute myeloic leukemia 2 | 2 2 307 — —_ 
Acute lymphatic leukemia 3 3 3 424 pee 
| Chronic myeloic leukemia 2 2 2 367 a om 
| Chronic lymphatic leukemia 1 1 1 127 wae si 


the domestic fowl, the mouse, the rat and the domestic 
rabbit. Chickens two weeks of age were inoculated 
with the erythroleukemia virus. In the final stage 
of the disease erythroleukemia cells in the femoral 
bone-marrow and in the spleen showed the normal 
12 macrochromosomes in five male animals (total 
number of cells analysed (¢) = 500, number of cells 
with chromosome numbers less (<) than the standard 
number (st) = 18, number of cells with chromosome 
numbers greater (>) than st = 6), and the normal 11 
macrochromosomes in five female specimens (¢ = 500, 
8 < st; 4 > st). Cells with the normal macrochromo- 
some complements predominated also in three 
fibrosarcomas in male fowls (¢ = 150, 4 < st) and in 
three fibrosarcomas in females (¢ = 150, 3 < st; 
2 > st) induced by the Rous agent, and in three 
myxosarcomas in males (¢ = 150, 9 < st; 2> st) 
and in two myxosarcomas in females (¢ = 100, 
1 > st) caused by the Fujinami virus. Besides the 
macrochromosomes about 60 additional microchromo- 
somes were found in all tumour cells in both sexes. 
Because of their small size and similar form a reliable 
numerical and structural analysis of the latter 
elements is, however, nos possible. 


| 
| 
| 
| 
| 


A very similar general picture was obtained from 
six virus tumour systems in mice and rats (Table 2). 
Here 75 out of 76 (98 per cent) primary and secondary 
tumour sites in the initial host were normal, and in 
addition three out of five virus-induced tumour lines, 
both solid and ascites, that were transplanted, also 
showed the normal species-specific and sex-specific 
chromosome complements. Thus it seems very 
unlikely that the tumour viruses cause neoplastic 
transformation via chromosome mutation. On the 
other hand, an abnormal genetic constitution of the 
host cell does not necessarily disturb the interaction 
of the virus and the host cell. The decreased virus 
titre in the transplanted reticulum cell sarcoma line 
(Sq1B)> may indicate that genetic variation can 
eventually lead to an abnormal constitution more 
favourable to the virus action, so that less virus is 
needed for a more efficient tumour growth. 

Shope fibroma virus inoculated into five animals 
two weeks of age caused a lethal inflammatory, 
fibrosarcoma-like disease, while in four rabbits sixteen 
weeks of age the same virus sample induced benign 
fibromas only. The fact that both types of neo- 
plasms, the fibrosarcoma (¢ = 150, 5 < st; 2> st) 


Table 2. CHROMOSOMES IN VIRUS-INDUCED TUMOURS IN MICE AND RATS 





Number of tumour sites studied 


“Abnormal 


Normal 









































Tumour type Strain | Inducing Condition Cases 
agent Total | chromosome}! Cells | chromosome Cells | 
| constitution | counted | constitution | counted 
General myeloic leukemia | Agnes Bluhm | Graffi Primary 4 26 26 | 776 ean ee 
Solid SOV 16 Agnes Bluhm | Graffi 80. transfer 2 a I 2 60 SCO} ne on 
| generation | 
Ascites SOV 16 Agnes Bluhm | Graffi 37. transfer » 4 2 —- — | 2 60 | 
| generation 
Solid myeloic leukwmia | Wistar rat Graffi | 2.44. transfer 2 | 2 | 2 | 100 «| a na 
| generation | | | 
General lymphatic | C,H(f) Gross Primary 5 22 21 686 | 1 47 
leukemia | | 
| | 
Parotid gland tumour | NIH. S.E. Primary | 6 | 10 10 281 oe r= 
Submaxillary gland White Polyoma | Primary | 1 1 32 om | 
tumour Inbred (Stewart) 
Sublingual gland tumour Swiss | Primary 1 1 31 Pe ae 
Mammary tumour Primary 1 1 41 | acne 7 
Retroperitoneal gland Primary 1 | 1 7 wth | 
tumour 
Reticulum cell sarcoma DBA Friend Primary 2 4 4 120 — — 
Sq1 B- DBA Friend 9. transfer 2 6 — j— 6 240 
generation | 
Mammary tumour | A MTI Primary 5 5 | 5 250 | — a 
Mammary tumour C,H MTI Primary 5 5 5 250 | pen ie 
Mammary tumour (S6 Ca)| C,H MTI 33. transfer 3 3 3 60 ou» = 
generation | 
Mammary tumour (S6 Cb) | C,H | MTI 33. generation 3 3 | 8 60 in a 
| C,H +1. gen- | | 
} eration | | | | 
} | DBAxXC,H l } | | 
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Table 3. CHROMOSOMES IN CHEMICALLY INDUCED TUMOURS IN MIOR, CHINESE HAMSTERS AND RATS 
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Number of tumour sites studied 











Tumour Tumour type Induced by | State Cases Normal | Abnormal 
No. | Total | chromosome| Cells | chromosome| Cells | 
| constitution | counted | constitution | counted | 
a ane Nee  , EE ow EORe Stn —|—$—_—_—__|}_—_ 
l Lymphatic leukemia 9 : 10-dimethyl- 1. transfer 4 20 20 441 | — ji— 
ST-strain (mice) 1:2-benzanthracene | generation 
| 
2 Mammary tumour Ethyl] carbamate Primary | 5 5 5 205 _ _ 
Lung tumour (benign) Ethyl carbamate Primary 5 5 5 97 -- — 
C,H x WLLe (mice) 
3 Mammary tumour 2-acetylamino- Primary 6 6 4 199 2 121 } 
(Wistar rats) | fluorene | 
| 
4 Fibrosarcoma | 20-methylcholanthrene Primary 4 4 2 98 2 119 
} (Chinese hamsters) | 
5 Fibrosarcoma 3,4-benzpyrene | Primary 4 4 | 2 137 2 | 80 
(Wistar rats) | 
' 
6 Hepatomas 4-dimethylaminoazo- Primary 6 6 2 103 4 227 
( Wistar rats) | benzene 
and the fibroma (¢ = 120, 3 < st; 2 > st), were com- tion to full autonomy, the implication of the abnorma 


posed almost entirely of cells with the fourty-four nor- 
mal rabbit chromosomes may indicate that the degree 
of malignancy is not necessarily determined by the 
chromosome make-up of the tumour cell, but might 
possibly be the result of differences in the physiological 
state of the host. In contrast the benign papillomas 
in five animals caused by Shope papilloma virus 
had normal chromosome complements (¢ = 250, 
ll < st; 7 > st), but after malignant transformation 
every resulting primary carcinoma in five animals was 
characterized by a different hyperdiploid chromo- 
some complement (¢ = 122). In addition the V x 2 
(Rous) tumour, derived from a Shope carcinoma by 
transplantation for about twenty years, had fifty- 
eight chromosomes (¢ = 92). It may be, therefore, 
that the interaction between the papilloma virus 
and the normal genotype results in a benign tumour 
only, whereas an altered cell may allow the virus to 
cause a malignant growth. It is still undecided, 
however, whether the abnormal chromosome con- 
stitutions detected in the primary carcinomas 
represent the cytogenetic basis for the malignant 
growth or if they are only superimposed on changes 
at other levels. 

Tumours induced by endocrine imbalance. The third 
group of neoplasms analysed are those produced by 
experimentally provoked endocrine imbalance. Such 
tumours are usually hormone-dependent during the 
earlier stages and will often regress if the causative 
imbalance is corrected. Dependent tumours tend to 
change to autonomous forms either in their initial 
hosts or after serial passages in preconditioned 
animals. It was interesting to see whether the 
intracellular changes during the acquirement of 
hormone-independence result in the appearance of 
a new genotype. 

Seven male mice castrated at one month and receiv- 
ing cestrone in drinking water developed hormone- 
dependent pituitary tumours after an average time 
of 16 months. All tumours had the forty normal 
mouse chromosomes (¢ = 107). During the course 
of serial transplantation in preconditioned animals, 
pituitary tumours can become independent. Two 
such tumours, the At7'-20-Furth, and the TtT'-3052- 
Furth, have been examined. The At7’ tumour had 
the normal forty chromosomes (¢ = 90). The TtT 
tumour had sixty-five chromosomes with three long 
metacentric markers (¢ = 60). Since both tumou.s 


had been serially transplanted after the transforma- 


constitution in the latter tumour, however, cannot bi 
clarified. 

Mammary tumours induced by endocrine imbalanc: 
and supposedly virus-free represent a more favourabk 
material for the elucidation of this question, sinc: 
such tumours are in general hormone-independent in: 
the original host when of macroscopic size. Eight 
out of nine independent tumours resulting fron 
hormonal imbalance elicited in four different ways 
had the normal chromosome constitution (¢ = 322 
Finally, normal chromosome sets prevailed in 
both phases of evolution in the endocrine tumours 
studied. Thus gross chromosomal re-organization 
does not seem to be causally related to the intra- 
cellular changes resulting in full autonomy. Th« 
abnormal chromosome constitutions detected ar 
probably of secondary nature, since in general, 
hormones lack mutagenic activity’*. 

Chemically induced tumours. The chromosome 
constitution of neoplasms induced by six different 
chemical carcinogens has been analysed in detai! 
Four of the substances used are chemical mutagens 
(9:10 dimethyl-1:2 benzanthracene, ethyl carb- 
amate, 20-methylcholanthrene, 3:4 benzpyrene), 
whereas the remaining two (2 acetylaminofluor- 
ene, 4-dimethylaminoazobenzene) lack mutagenic 
activity’. As can be seen from Table 3, no corre- 
lation between the mutagenic property of the 
inducing carcinogens and the chromosome constitu- 
tions of the resulting tumours was found. In every 
case, however, when carcinogens were administered 
systemically or locally under similar conditions, the 
tumours that resulted from systemic administration 
(Table 3, Nos. 1, 2, 3) had fewer chromosomal abnor- 
malities than those resulting from local and prolonged 
administration (Table 3, No. 4, 5, 6), regardless of the 
mutagenic property of the substances used. Since 
almost all abnormal tumours also contained some 
tumour cells with the normal karyotype, it seems 
reasonable to assume that gross chromosomal 
reorganization is not essential for acquiring neo- 
plastic properties in chemical carcinogenesis. The 
quantitative predominance of tumour cells with the 
normal chromosome complement in benign (Table 3, 
No. 2) and smaller malignant tumours (Table 3, No. 
3, 4) and of abnormal cells in larger malignant 
tumours (Table 3, No. 3, 4) demonstrates furthermore 
that the abnormal constitutions can only be of 
secondary nature. 
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Radiation-induced tumours. Karyotype studies in 
primary lymphoid tumours that developed in non- 
irradiated thymic implants residing in an irradiated 
environment and in thymus in situ as a consequence 
of direct whole-body irradiation have yielded con- 
tradictory results*. In spite of this conflict, however, 
there seems to be agreement that the abnormal 
chromosome complements are of secondary impor- 
tance, since several well-documented features of 
leukeemia-induction rule out the possibility that the 
neoplastic transformation results directly from the 
mutagenic effect of radiation’. 

The picture evolving from the analysis of primary 
tumours is still incomplete. It consists of outlines 
which must be filled in by further work. Nevertheless, 
the results reported are inconsistent with the chromo- 
some mutation theory of carcinogenesis. The marked 
predominance of normal chromosome complements 
and normal deoxyribonucleic acid values that were 
found in representative material from precancerous 
stages, benign tumours and in the majority of early 
malignant tumours, both spontaneous’ and induced 
by viruses", hormone imbalance, chemicals, and 
radiation!*, demonstrates that genetic variation at 
the chromosome-level need not necessarily precede 
the malignant change. In consequence it is reasonable 
to suggest that the abnormal chromosome patterns 
which characteristically occur in the majority of well- 
advanced tumours are of secondary importance in the 
acquirement of malignant properties. Furthermore, 
since the chromosome changes may occur at any time 
after the malignant change, they are probably a 
separate event. They may not be caused directly 
by the tumour-inducing agents and there is also 
little correlation between the mutagenic and carcino- 
genic activity of tumour-inducing agents. Once 
established, such new chromosome and hence genetic 


NATURE 9 


constitutions may confer some advantages on the 
eancer cells for tumour progression. 

I am indebted to Drs. O. C. Broberger, T. Caspers- 
son, C. D. Darlington, L. Engstedt, Ch. Friend, A. 
Graffi, L. Gross, R. J. C. Harris, G. Klein, P. C. Koller, 
B. Lagerléf, E. C. Miller, J. A. Miller, O. Miihlbock, 
Ch. Oberling, B. M. Richards, J. Schultz, R. E. 
Shope, M. Simonsen, 8. Sorof, 8. E. Stewart and B. 
Thorell, who encouraged me with their advice and 
interest and provided me with animals and tumour 
material. 

This work was supported by grants from the 
Swedish Cancer Society, the Wallenberg Foundation, 
and the National Cancer Institute (National Institutes 
of Health, U.S. Public Health Service). 
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THE LIVERPOOL GEOLOGICAL SOCIETY, 1859-1959 


By R. G. C. 


BATHURST 


Department of Geology, University of Liverpool 


N 1859, on December 13, nine amateur geologists 

founded in Liverpool a small society, limited to 
eighteen ‘ordinary’ members, ““To investigate the 
structure of the Earth, the character of its past 
inhabitants, and the changes now in progress upon its 
surface’. Almost at once, local enthusiasm led to an 
abandonment of the limit on ordinary membership 
and by 1863 this had reached fifty-eight. 

Upon the wider geological scene in 1859 had burst 
Darwin’s ““The Origin of Species”, with profoundly 
stimulating chapters on geology. In the same year, 
work in the Brixham caves and in Abbeville had 
shown beyond a doubt the association in undisturbed 
sediments of flint implements with extinct Mam- 
malia. All these matters were discussed in the 
young Liverpool Society. Nearer Liverpool, North 
Wales and Merseyside had been mapped by the 
Geological Survey. Sorby, inspired by the work of 


William Nicol, had introduced the microscopical 
examination of thin sections as a tool in geological 
research. 


Before 1859, the Liverpool geologists had read 
papers to several local societies ; but that year, led 
by G. H. Morton, they founded their own. Other 
similar associations already existed: in Edinburgh 
(founded 1834), Yorkshire (Wakefield) and Manchester 
(1838), Glasgow and London—the Geologists’ Associa- 
tion—(1858). Others were to follow : Norwich 1864, 
Leeds 1873 and Hull 1888. The early Liverpool 
members, such as are recorded, included a solicitor, 
a baker, a cotton broker, a coal merchant, a cleric, 
three teachers, a museum assistant, two civil engin- 
eers, a customs officer, a medical practitioner, a 
building contractor and an analytical chemist—a 
range of occupations differing little from that of the 
present amateur membership. 

From 1860 meetings were held in the new Public 
Library, but, after 1864, in the Royal Institution, and 
in recent years in the Department of Geology in the 
University of Liverpool. From the outset the business 
at meetings consisted of papers, exhibits and discus- 
sion, nearly all flowing from the work of the members 
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themselves. The number of ordinary meetings a year 
has been about seven since the 1860's, and field- 
meetings are still actively supported. 

Over the years that followed, members worked 
mainly on the local Trias, including the Storeton 
footprints of Cheirotherium, the local Quaternary, 
the Mersey estuary, changes in local topography and 
the water supply. Field-work was also carried out in 
more distant areas, and a number of studies of thin 
sections had been made by the turn of the century. 

In the years before 1914, four men particularly 
influenced the progress of the Society, both as its 
officers and as geologists. George Highfield Morton, 
the founder and first honorary secretary (at the age of 
thirty-three), is remembered above all as the pioneer 
of Carboniferous Limestone stratigraphy in North 
Wales. His division of the Limestone into the Upper 
Grey, Middle White and Lower Brown is still used. 
Among earlier works is a detailed study of the Shelve 
district. He read sixty-one papers to the Society on a 
great variety of topics, and his clear microscopical 
descriptions of local sedimentary rocks were among 
the earliest attempted. His book, ‘““The Geology of 
the Country around Liverpool’, was first published in 
1863. He was awarded the Lyell Medal of the 
Geological Society of London in 1892. 

Henry Charles Beasley worked mainly on the local 
Trias, especially the Storeton footprints. At his 
suggestion, in 1886, a unique collection of photo- 
graphs, now in the Society’s library, was begun of 
‘interesting sections and phenomena which are likely 
to be soon hidden from view”’. Seventy years later 
the photographs of, then, obscure sedimentary struc- 
tures and of animal tracks in the Trias have proved of 
great value in recent research. 

The work of Thomas Mellard Reade revealed a 
eatholicity of interest and an insight which were to 
earn him the Murchison Medal of the Geological 
Society of London in 1896. Although his local work 
was considerable, he is better known for his pioneer 
quantitative studies on the importance of solution 
as a factor in erosion, based on an analysis of the 
suspended load of the Mississippi and other large 
rivers, and his book ““The Origin of Mountain Ranges” 
(1886). In this work Reade argued that the deforma- 
tion of the crust seen in mountain ranges could not 
be accounted for by the thermal contraction of the 
Earth and he developed a theory of differential heating 
of the crust. This local heating would cause the 
expansion sufficient to cause the observed difference. 
The subsequent discovery of radioactivity, and recent 
calculations on the rise of temperature which would 
result from the accumulation of great thicknesses of 
sediment, make Mellard Reade’s theory much more 
plausible to-day than it seemed some years ago. 
Later, during the construction of the Mersey railway 
tunnel, the levels were lowered following his predic- 
tion, afterwards confirmed, of a buried channel 
under the Mersey. 

Joseph Lomas collaborated with Herdman as 
petrologist in the still valuable report “The Floor 
Deposits of the Irish Sea”. In 1886 he was appointed 
lecturer in the University College of Liverpool. In 
his study of glaciology he visited the Farées and 
several times went to Switzerland. His visit to 
South Africa with the British Association led to a 
paper on the desert origin of the Trias. 

In 1915 the Society published a monograph, by 
T. H. Cope, “On the Igneous and Pyroclastic Rocks 
of the Berwyn Hills’. 
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From the beginning the Society has taken an active 
interest in the Liverpool City Museum, and has 
recently expressed its concern over the absence of a 
keeper of geology. The Society early pressed for a 
chair of geology in the University of Liverpool, 
which has received from the members some valuable 
geological collections. 

During the inter-war years, after the appointment 
of P. G. H. Boswell as the first professor of geology 
in the University, the Society experienced a new 
surge of activity, though research was increasingly 
dominated by the professional geologist. Prof. 
Boswell and his students contributed a series of 
papers to the Proceedings on the Silurian of North 
Wales, and Boswell laid before the Society his reports 
on the geology of the Mersey road tunnel. G. H. 
Mitchell and Howel Williams published work on 
Ordovician voleanics and Alan Wood on the strati- 
graphy of the North Wales coalfield. Papers by E. 
Neaverson included a detailed stady of the Carboni- 
ferous Limestone of North Wales. C. B. Travis was 
an active member, also editor, at this time. 

T. A. Jones was the most recent of the outstanding 
amateurs. His detailed and extensive knowledge of 
local Quaternary and Triassic lithology enabled him 
to interpret many local borehole records. His 
outstanding single work, published just after the 
First World War, was a microscopical examination 
of the local Carboniferous Limestone. He demon- 
strated the important role of micro-organisms, 
especially Foraminifera, in its formation. 

The Society owes its survival through the Second 
World War pre-eminently to the efforts of T. A. Jones 
and E. Montag, with D. Alan and W. Schofield as 
editors. 

In 1918, the Society established a Medal to be 
awarded to any geologist for work bearing upon the 
interests of the Society, an award to a member for 
original work on the local geology, and a prize to go 
to a student in the University of Liverpool. 

Proceedings have been published since 1861, anc! 
by their exchange a large collection of foreign 
periodicals has been amassed. In recent years the 
financial survival of the Proceedings became difficult 
in spite of help from the Royal Society during many 
years. To overcome this difficulty the Society joined 
with the Manchester Geological Association in 1951 
to found the Lirerpool and Manchester Geologicul 
Journal. 

The new Journal differs somewhat from the 
Proceedings. In the first half-century, nearly three 
quarters of the authors were members, and this high 
figure was maintained between the Wars; but since 
1951 fewer than half have been members. There is 
now therefore a tendency for papers to deal more 
often with material beyond the traditional Liverpoo! 
area. The papers are less frequently read at ordinary 
meetings, at which lectures are generally given 
instead by invited speakers, often from outside the 
district. The wider scope of the Society’s work was 
marked in 1959 by the removal from the “Object 
of the Society” of a final clause, ‘“with» particular 
reference to Liverpool and the surrounding area’. 
which had been added in 1917. 

In the face of rising costs, the joint publication too 
has had a precarious existence. Following appeals to 
local industry, the Journal has been generously 
helped, especially by Imperial Chemical Industries, 
Ltd. Advertisement overseas has recently led to an 
encouraging increase in subscribers, a sign of the 
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growing strength of the Journal during its first decade 
under the'editorship of J. C. Harper. 

The centenary of the Society was marked by a three- 
day meeting, during January 1-3, jointly with the 
eighth Inter-University Geological Congress, at 
which ten addresses were delivered on recent 
advances in geology to an audience of more’than two 
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hundred. These addresses have been published in 
the centenary issue of the Journal. 


BIBLIOGRAPHY 
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five Years (1910-1944)” (Woolman, 1944). 


NEW FELLOWS OF THE ROYAL SOCIETY 


T a meeting of the Royal Society on March 24, 
v the following were elected to fellowship of the 
Society : 


Mr. A..M. Boynte, reader in engineering in the 
University of Cambridge, distinguished for his 
contributions to engineering science, particularly in 
the field of hydraulics. 


Pror. R. Hansury Brown, professor of radio 
astronomy in the University of Manchester, Jodrell 
Bank Experimental Station, distinguished for his 
many contributions to radio astronomy particularly 
on galactic and extra galactic radio emissions. 


Pror. D. G. CHRISTOPHERSON, professor of applied 
science in the University of London, Imperial College 
of Seience and Technology (Department of Mechanical 
Engineering), distinguished for his researches into 
the deformation and cutting of metals and for his 
work on explosive weapons. 


Pror. R. H. Datrrz, professor of physics in the 
University of Chicago, Enrico Fermi Institute for 
Nuclear Studies, distinguished for his numerous 
contributions to nuclear theory and the physics of 
elementary particles. 


Pror. J. N. Davipson, Gardiner professor of 
physiological chemistry in the University of Glasgow, 
distinguished for his work on the structure, distribu- 
tion and biosynthesis of ribose nucleic acid and 
deoxyribose nucleic acid. 


Pror. M. J. S. Dewar, professor of chemistry in the 
University of Chicago, distinguished for his studies 
of chemical structure and for his contributions 
to the application of quantum theory to organic 
chemistry. 


Sm Stewart DvuKE-ELDER, ophthalmic surgeon 


and director of research at the London University | 


Institute of Ophthalmology, distinguished for his 
contributions to ophthalmic medicine, pathology and 
physiology. 

Dr. L. Essen, deputy chief scientific officer at the 
National Physical Laboratory, Teddington, Middlesex, 
distinguished for his work on the precise measurement 
of frequency and of the velocity of light. 


Dr. D. G. Evans, director of the Medical Research 
Council Biological Standards Control Laboratcry, 
London, distinguished for his investigations on the 
pathogenesis and prophylaxis of anzrobic wound 
infections and whooping cough, and for his work on 
biological standards. 


Mr. N. L. Fatcon, chief geologist of the British 
Petroleum Company, London, distinguished for his 
researches in tectonics and stratigraphy in connexion 
with the exploration for oil. 





Dr. P. A. Gorer, reader in experimental pathology 
in the University of London (Guy’s Hospital] Medical 
School), distinguished for his work on the immuno- 
logical genetics of tissue transplantation. 


Pror. O. V. 8. Hearn, professor of horticulture in 
the University of Reading, distinguished for his work 
in plant physiology and in particular the mechanism 
of stomata. 


Dr. R. Hotroyp, a deputy chairman of Imperial 
Chemical Industries Ltd., London, distinguished for 
his work on the chemistry and engineering of synthetic 
fuel production. 


Dr. H. E. Huxtey, member of external staff of the 
Medical Research Council, Department of Biophysics, 
University of London (University College), distin- 
guished for his work on the fine structure of muscle 
and on the mechanism of muscular contraction. 


Dr. J. C. KENDREw, deputy director of the Medical 
Research Council Unit for Molecular Biology, Caven- 
dish Laboratory, Cambridge, distinguished for his 
work on the three-dimensional analysis of myoglobin 
by direct X-ray diffraction methods. 


Dr. J. A. Krronre, reader in zoology at the 
University of Bristol, distinguished for his contribu- 
tions to the physiology of protozoa and to marine 
ecology. 


Dr. D. K. C. MacDonatp, principal research 
officer, Division of Pure Physics, National Research 
Council of Canada, Ottawa, distinguished for his 
investigations on the thermal and electrical properties 
of metals with particular reference to the study of 
electron interactions. 


Sir GEorRGE PICKERING, regius professor of medicine 
in the University of Oxford, distinguished for con- 
tributions to clinical science, in particular to our 
knowledge of the causes of high blood-pressure. 


Pror. G. PorRTER, professor of physical chemistry 
in the University of Sheffield, distinguished for his 
work on flash photolysis and its applications to the 
study of free radicals and chemical processes. 


Dr. K. F. Rots, reader in mathematics in the 
University of London (University College), distin- 
guished for his solutions of fundamental problems in 
the theory of numbers. 


Pror. T. R. SESHADRI, professor of chemistry in the 
University of Delhi, distinguished for his studies of 
the chemistry of naturally occurring compounds, 
particularly flavonoids. 


Pror. J. H. Taytor, professor of geology in the 
University of London (King’s College), distinguished 
for his researches into the geology of ore deposits, 
particularly the iron ores of the Midlands. 
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Dr. A. A. TOWNSEND, assistant director of research 
in the University of Cambridge, Cavendish Laboratory, 
distinguished for his experimental and analytical con- 
tributions to the theory of turbulent motion in fluids. 


Pror. R. L. Warn, professor of agricultural chemis- 
try in the University of London (Wye College), 
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distinguished for his research in plant auxins and 
systemic herbicides. 


Dr. E. N. Witimer, reader in histology in the 
University of Cambridge, distinguished for his work 
on cells, their growth and metamorphosis, and on 
colour vision. 


NEWS and VIEWS 


Ministry of Aviation Appointment: 
Mr. D. G. A. Rende!l 


Mr. Davip RENDEL has been promoted to deputy 
chief scientific officer and appointed head of the 
Mechanical Engineering Department of the Royal 
Aircraft Establishment. He was educated at 
Downside School and New College, Oxford, where 
he took an honours degree in engineering science in 
1940. He joined the Royal Aircraft Establishment, 
Farnborough, in the summer of that year, and in 
1941 was given the task of organizing a laboratory 
to deal with hydraulic and pneumatic power services 
in aircraft. This was during the period when high- 
pressure hydraulic and pneumatic systems were being 
increasingly used in aircraft and power-operated 
controls were being developed. Mr. Rendel was 
responsible for studying a number of basic problems 
such as the effects of oil aeration on hydraulic con- 
trols, high-pressure air flow in small pipes, behaviour 
of irreversible machines, etc. In 1948 he was 
appointed technical assistant to the Director-General 
of Technical Development (Air), Ministry of Supply, 
and served in that post during the early stages of 
development of V bombers, the Hunter, the Javelin, 
the Brabazon, the Princess and Viscount; also at 
this time the Avon, Mamba, 


National Maritime Museum : 
Lieut.-Commander D. W. Waters 


LreuT.-COMMANDER D. W. Waters, R.N., has 
been appointed curator of navigation and astronomy 
in the National Maritime Museum, Greenwich, 
London, in succession to Commander O. Hill. Lieut.- 
Commander Waters is well known for his book, ‘The 
Art of Navigation in England in Elizabethan and 
Early Stuart Times”, which appeared in 1958, and 
is now the recognized authority on the subject. He 
served in the Fleet Air Arm and was taken prisoner 
by the Italians during a night torpedo attack in the 
Mediterranean in 1940. Since 1946 he has served at 
the Admiralty on the staff of the Historical Section, 
where he has been chiefly concerned with the history 
of problems connected with attack and defence of 
shipping. He is a Fellow of the Royal Historical 
Society and of the Institute of Navigation, and has 
written extensively on the history of navigation and 
maritime warfare. 


College of Advanced Technology, Birmingham : 
Mr. K. L. Stretch 
Mr. K. L. Srretcn has been appointed vice- 
principal of the College of Advanced Technology 
Birmingham, as from Jun 
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administration of Ministry of Supply activities in the 
joint American, British, Canadian Air Force standard- 
ization scheme. 

On his return to Farnborough, in 1951, he served 
in the Mechanical Engineering Department, con- 
trolling work on aircraft pressure cabins, aircraft 
conditioning, aircrew equipment and escape and 
safety, and was responsible for Farnborough’s con- 
tribution to the development of the modern oxygen 
breathing and pressure clothing equipment now used 
by Service aircrew. During this period he became 
interested in the subject of man-powered flight and 
is a member of the steering committee of the Royal 
Aeronautical Society group which interests itself in 
this subject. He was made a member of the Engin- 
eering Physics Sub-Committee of the Aeronautical 
Research Council and of the Instruments and Physics 
Sub-Committee of the Meteorological Research 
Committee. 


broken by war service, with Mather and Platt and 
experience on the works and in design with Imperial 
Chemical Industries, he was works manager at the 
United Kingdom Atomic Energy Authority, Calder 
Hall, before taking up his present post in 1957. Mr. 
Stretch has undertaken research and development in 
fire and textile engineering, nuclear reactor charac- 
teristics and operation, tunnelling and non-destructive 
testing, and has written several articles on nuclear 
energy and fuel policy. 


Commonwealth Scientific and Industrial Research 
Organization : Executive Appointments 
Two new part-time members to the Executive of 

the Commonwealth Scientific and Research Organ- 

ization (Australia) are announced. The vacancies 


were created by a recent amendment to the Science 
and Industry Research Act, which increased thie 
strength of the Executive from five members to nine. 
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The two members are Lord Casey, who recently 
resigned from Parliament on his elevation to the 
peerage, and Mr. E. P. 8. Roberts, a prominent 
Queensland grazier. Lord Casey’s association with 
C.S.I.R.O. dates back to 1937, when he first became 
minister-in-charge of the Council for Scientific and 
Industrial Research. Mr. Roberts, who is aged forty- 
six, has been associated with C.S.I.R.O. as a member 
of its Advisory Council since 1957. After the War, 
he purchased his own property at Toobeah, in 
Queensland, and became interested in the wider 
problems of the pastoral] industries. His appointment 
will ensure that the point of view of the man on the 
land and the problems of northern Australia are 
kept constantly before the Executive. 


Iron and Steel Institute : Awards 


THE Council of the Iron and Steel Institute has 
announced the award of the following medals and 
prizes: Bessemer Gold Medal for 1960: Prof. Her- 
mann Schenck, director of the Institut fiir Eisen- 
hittenwesen, Rheinische-Westfilische Technische 
Hochschule, Aachen, Germany, and president of the 
Verein deutscher LEisenhiittenleute; Sir Robert 
Hadfield Medal for 1960: Dr. J. C. Hudson, head of 
the Corrosion Section, Chemistry Department, British 
[ron and Steel Research Association; Andrew 
Carnegie Silver Medal for 1959: Dr. P. R. V. Evans, 
Research Department, Metropolitan-Vickers Electri- 
cal Co., Ltd., Manchester, for a paper on “The Effect 
of Rolling Unstable Austenitic 0-76% Carbon Steel 
at 220-300° C.” (Journal, January 1959, p. 34); 
his co-author, Prof. Hugh O'Neill, was not eligible 
for an award ; William Prize for 1959: Mr. I. M. D. 
Halliday, Research and Development Department, 
The United Steel Companies, Ltd., Rotherham, for a 
paper on “‘Continuous Casting at Barrow” (Journal, 
February 1959, p. 121). 

Mr. W. F. Cartwright, assistant managing director 
of the Stéel Company of Wales, Ltd., since 1954, 
has been elected president of the Iron and Steel 
Institute for 1960-61. 


Cost of the Radio Telescope at Jodrell Bank 


IN a written answer in the House of Commons on 
March 24, Sir David Eccles, as representing the 
Minister for Science, stated that there is nothing 
owing on the capital cost of the radio telescope at 
Jodrell Bank, and that the Government is not 
prepared to increase its contribution. The Govern- 
ment has already contributed substantially to the 
cost of upkeep of the telescope and any applications 
which might be made for further grants for research 
involving its use would continue to be dealt with 
on their merits by the Department of Scientific and 
Industrial Research. In oral replies Sir David said 
that the United States Government has already paid 
in full for work undertaken on its behalf with the 
radio telescope. Treasury approval for the final 
£130,000 of the total grant of £360,000 towards the 
capital cost of construction of the radio telescope 
was given on August 8, 1956, and payment to the 
University completed on March 17, 1958. Three 
further grants of £13,000 annually for 4 years, for 
running costs, £60,820 for development of new 
apparatus and techniques, and of £15,200 for galactic 
and extra-galactic neutral hydrogen emission studies 
and development of data-handling processes have 
been authorized. Sir David said he was not aware of 
any delay on the part of the Treasury in giving 


.above the ionized layers. 
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approval or by the Department of Scientific and 
Industrial Research in making the payments to the 
University. There was a sum of £60,000 left to be 
collected by the University of Manchester towards the 
capital cost and, referring to an appeal to the Govern- 
ment to subscribe this final sum, Sir David said that 
Lord Hailsham considers that the Government’s 
contribution is sufficient and that it is well understood 
that the rest of the money will be raised by the 
University. 


City and Guilds of London Institute Fellowships 

TuHE Fellowship of the City and Guilds of London 
Institute has been conferred upon the following past 
students in recognition of their contributions to 
industry or the professions in which they are engaged : 
J. J. Gracie (director and general manager of the 
G.E.C. Engineering Works at Witton, Birmingham) ; 
C. G. Hawes (consultant in hydrology and irrigation) ; 
T. M. Malkani (chief engineer of Calcutta Port Com- 
missioners); H. D. Morgan (senior partner of Sir 
William Halcrow and Partners); D. W. Morphy 
(joint managing director of Morphy-Richards, Ltd.) ; 
and A. W. Skempton (professor of civil engineering, 
City and Guilds College, Imperial College of Science 
and Technology). The Council of the City and Guilds 
of London Institute has also conferred the fellow- 
ship of the Institute, honoris causa, upon: Sir Willis 
Jackson (president of the Institution of Electrical 
Engineers, director of research and education, A.E.I. 
(Manchester), Ltd.) ; Prof. D. M. Newitt (pro-rector 
of the Imperial College of Science and Technology), 
head of the Department and Courtauld Professor of 
Chemical Engineering). 


Joint U.S.-Canadian Satellite Project 

Durine April 1959, Dr. A. Hartley Zimmerman. 
chairman of the Canadian Defence Research Board. 
and Dr. T. Keith Glennan, administrator of the U.S. 
National Aeronautics and Space Administration, 
announced acceptance by the Administration of a 
proposal by the Defence Research Telecommunica- 
tions Establishment for a joint satellite experiment. 
Initially, it was proposed that the satellite will be 
constructed and instrumented by the Defence 
Research Telecommunications Establishment and 
launched late in 1961 at Vandenberg Air Force Base 
by means of a three-stage Thor—Delta rocket provided 
by the Administration. The experiment will be 
designed to achieve two objectives. First, to examine 
and record information about the structure of upper 
levels of the ionosphere by using a radio sounder 
Secondly, to provide 
information about the radio signals which emanate 
from outer space. The satellite will be launched in a 
near-polar orbit, and for protection during its 
acceleration through the dense atmosphere, it will be 
enclosed in a metal nosecap or shroud. On reaching 
orbit altitude of 700 miles, both the nosecap and the 
third-stage rocket will be separated from the satellite. 
The Defence Research Telecommunications Establish- 
ment will operate four receiving stations in Canada. 
It is hoped that the satellite will continue to transmit 
data for about a year following the launching. The 
information is to be exchanged freely with other 
nations through the Committee on Space Research of 
the International Council of Scientific Unions. 


Factories (lonizing Radiations) Special Regulations 
A REVISED draft code (Ministry of Labour. Fac- 
tories Acts, 1937 and 1948. Factories—(lonizing 
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Radiations)—Special Regulations—Second Prelimin- 
ary Draft of Regulations. Pp. 20. (London: H.M. 
Stationery Office, 1960.) 1s. 3d. net) for the protec- 
tion of workers engaged in operations involving the 
production, emission or use of ionizing radiations 
includes amendments based on many suggestions 
received since the first draft code was issued in 
July 1957. The preface comments on the more 
important changes made to the earlier draft. The 
“Schedule of Permitted Radiation Doses’ has also 
been revised in the light of the views of the Medical 
Research Council and of the latest recommendations 
of the International Commission on Radiological 
Protection. Presumably the regulations must be 
phrased in language which meets legal requirements, 
but as they stand they will undoubtedly make difficult 
reading for factory officials and others who will be 
concerned in their implementation. It would be an 
enormous help to such readers if the regulations 
could, for example, be expressed with the clarity 
displayed in the “Code of Practice’’ (1957), which was 
intended primarily for the protection of persons 
exposed to ionizing radiations in hospitals in the 
National Health Service. 

In view of the part played by the ‘competent 
person’ it is desirable that some definition of this 
term be given including the qualifications required. 
A particular reason for this is that the new draft 
does not require tests for personal exposure or 
medical supervision of those persons who, although 
employed in the operations mentioned above, remain 
outside adequate shielding, and it is presumably the 
‘competent person’ who must establish whether or 
not the shielding is in fact adequate. The suggestion 
in 28 (1) that a worker, transferring his services 
elsewhere, should be given a copy of his own record 
from the health register seems fraught with some 
difficulty, especially because by 27 (1) it includes 
results of medical examinations. Comments on the 
new draft are invited from “industry, associations 
and any others concerned’’, to be sent to the Ministry 
of Labour by April 15. 


British Museum (Natural History): New Exhibits 


THE pavilion beyond the Mammal Gallery in the 
Natural History Museum has been re-designed to 
show three groups of African game animals in their 
natural surroundings. The largest group is taken 
from the district north of Mount Kenya, with a giraffe 
family, a kudu and baboons coming to drink near the 
Guaso Nyiro river. The second group consists of an 
okapi and a bongo in a deep gorge in the Ituri Forest. 
Opposite to this is a scene in Angola, with a giant sable 
antelope surveying the country from the top of a 
termite colony. A brindled gnu and a pair of impala 
antelopes have been feeding in the dense grass below. 
A large contour map of Africa dominates the pavilion 
and shows the three localities depicted. The equip- 
ment of the pavilion is the gift of the Rowland Ward 
Trustees, in memory of the late Rowland Ward. 
Messrs. Rowland Ward, Ltd., have set up the three 
groups and provided most of the mounted animals. 
The okapi was specially provided for the Museum by 
the Governor-General of the Belgian Congo and 
mounted by the exhibition staff of the Museum. 

A series of new cases lining the balcony on the 
east side of the Central Hall is devoted to exhibits 
illustrating the chief points in the functional mor- 
phology of mammals. Included are the skin and its 
derivatives, hair, spines. hoofs and glands ; muscles, 
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and aduptation of the external form and skeleton to 
various kinds of locomotion such as running, jumping, 
flying, burrowing and swimming ; brains and sense- 
organs; the digestive, circulatory and respiratory 
systems; and an extensive series illustrating the 
structure, growth, adaptation of teeth to various types 
of food. 


University Entrance in Great Britain 


UNDER the title “University Entrance—The Basic 
Facts’’, the National Union of Teachers has published 
a concise guide for those who contemplate entering a 
university (London: National Union of Teachers, 
1960. 3s. 6d.). Information regarding the universities 
themselves, the courses they offer, the educational 


requirements for admission, accommodation, cost of 


study and residence, etc., is first presented. Next 
follows a clear outline of the grants and scholarships 
available in Great Britain and Northern Ireland, 
and some notes are given on the various university, 
matriculation and faculty requirements. A novel and 
valuable feature of the guide is the list of universitics 
showing in tables the subjects that may be studied 
either as part of a course leading to a first degree, or 
as the main part of such a course in which a degree 
can be taken either in that subject alone or in con:- 
bination with one or two other principal subjects. 
The guide is thus admirably designed both to assist 
the school-leavers to determine where to train and to 
realize where their qualifications may lead. The 
Union is to be congratulated on an excellent job of 
work. Copies are being sent free initially to every 
maintained secondary school which prepares pupils 
for courses leading to university entrance, and 
additional copies are on sale to schools and members 
of the public. 


Science and Economics in the United, States 


A survey “Current Projects on the Economic and 
other Impacts of Scientific Research and Develop- 
ment”’ was undertaken early in 1959 by the National 
Science Foundation of the United States, and an 
inventory of projects in colleges and universities 
has now been issued by the Foundation (Pp. v +59. 
National Science Foundation, Washington, D.C. : 
Government Printing Office, 1959. 25 cents). 
The 107 projects listed are classified in ten sections, 
comprising, for example, agriculture; expendi- 
ture for research and development; impact in 
selected industries; invention, innovations and 
patents; new sources of power and other case 
studies in scientific and technological developments ; 
and sociological and man-power studies of research 
and development and technology. There are an author 
index and an index of institutions. Simultaneously 
the Foundation has issued “A Bibliography on the 
Economic and Social Implications of Scientific 
Research and Development” (Pp. v+53. (National 
Science Foundation. Washington, D.C.: Govern- 
ment Printing Office, 1959. 25 cents). The 
entries are arranged under the following headings : 
general background ; nature, philosophy “and histvry 
of science and technology; expenditure and man-power 
activities in research and development ; associated 
institutional branches of science and technolocy, 
and public policy ; patents and innovation, adminis- 
tration and management of industrial research : 
economic and social implications and analysis of 
research and development ; and other bibliographics. 
There are an author and periodical index. 
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Harkness Fellowships of the Commonwealth Fund 


THE British Committee of Award of the Common- 
wealth Fund announces the following elections, 
among others, to Harkness fellowships for 1960, 
tenable for one or two years in the United States : 
G. 8. G. Beveridge (Edinburgh to Minnesota), 
chemical engineering; R. Y. Calne (Royal Free 
Hospital to Harvard), surgery; B. Coleby (Low 
Temperature Research Station, Cambridge to Univer- 
sity of California), food research; B. J. Deverall 
(Imperial College of Science and Technology, 
London to Wisconsin), plant pathology; J. E. 
Dove (Atomic Energy Research Establishment, 
Harwell to Harvard), physical chemistry; R. Hall 
(Royal Victoria Infirmary, Newcastle upon Tyne, to 
Harvard), medicine; A. M. Howard (The Guardian 


to Columbia), journalism; M. Kogan (Ministry of 


Education to Harvard), teacher training ; D. Lynden- 
Bell (Cambridge to California Institute of Tech- 
nology), astronomy; D. H. Mellor (Cambridge to 
Minnesota), chemical engineering; K. J. Reid 
(Cambridge to University of California), chemical 
engineering; I. C. Roddie (Belfast to Seattle), 
physiology ; A. C. Rose-Innes (Admiralty to Rutgers), 
electronics ; J. R. Taylor (Cambridge to University 
of California), nuclear physics ; C. T. C. Wall (Cam- 
bridge to Institute for Advanced Study, Princeton), 
mathematics. 


André Mayer Food and Agriculture Fellowships 


THE Food and Agriculture Organization of the 
United Nations has announced that it will offer 10 
or 12 André Mayer fellowships during 1960. These 
awards, valued at 150-360 dollars a month depending 
on the country where they are used, will be made 
under the following two groups: research, for 
unusually promising persons with research experience 
behind them who would offer a guarantee for the 
carrying out of independent research work ; research 
training, for younger and promising individuals who 
have demonstrated an inclination towards and an 
aptitude for research work. Due consideration will 
be given to geographical distribution, to ensure that a 
proportion of the awards is given to candidates from 
countries where research facilities are not highly 
developed and the need for trained research workers is 
great. The subjects presented must be in relation to 
the Organization's activities which comprise : land and 
water development, plant production and protection, 
animal production and health, rural institutions and 
services, fisheries, forestry and forest products, 
nutrition (non-medical), atomic energy in food and 
agriculture, agricultural economics (commodities, 
statistics, economic analysis). Further information 
can be obtained from the Secretariat of the Food and 
Agriculture Organization, National Committee for the 
United Kingdom, Ministry of Agriculture, Fisheries and 
Food, Whitehall Place (East Block), London, S.W.1. 


The Canada Council 


THE second annual report of the Canada Council, 
which covers the year ended March 31, 1959, again 
stresses both the Council’s difficulty in selecting 
recipients of grants and that a grant once made is 
not automatically renewable (pp. vi+112. Ottawa : 
The Canada Council, 1959). The report includes lists 
of scholarship awards made during the year and also 
special projects and grants-in-aid to individuals. 
During its two years the Council has made capital 
grants totalling 12,816,564 dollars to 31 different 


NATURE 15 


universities and colleges, including 1,632,600 dollars 
to the University of British Columbia, 1,377,141 
dollars to Queen’s University, Kingston, and 1,050,000 
dollars to the University of Western Ontario. Under 
the Scholarship and Fellowship Scheme, 571 awards 
were made totalling, including travel grants, 1,215,000 
dollars, and of these, 111 were in the arts, 236 in the 
humanities and 224 in the social sciences; and of 
the 79 senior fellowships, 23 were renewals from the 
previous year. Grants to organizations totalled 
1,148,379 dollars in the arts, 120,772 dollars in the 
humanities and 167,440 dollars in the social sciences, 
and 75,000 dollars was earmarked to assist Canadian 
universities in bringing eminent scholars to Canada 
for short periods and for interchange of scholars 
between universities in Canada. 


The Industria! Training Council 


THE first report of the Industrial Training Council 
covers the period from July 1958 to December 1959 
(pp. 32. London: Industrial Training Council, 1960. 
1ls.). The Council’s immediate task is to try to ensure 
that training arrangements in industry will be 
adequate to enable the best use to be made of the 
abilities of all the young people available for employ- 
ment in industry during the next few years. The 
proper training of its workpeople is the responsibility 
of each industry, and the Council sees its main 
function as the encouragement of the employers’ 
organizations and the trade unions in co-operation to 
take the necessary action. The Council is convinced 
that great scope exists for introducing systematic 
training in a wide range of industries to supplement 
traditional apprenticeship training of craftsmen. The 
bulk of the report comprises a summary of the action 
taken by some sixty industries, which together 
employ nearly two-thirds of all workpeople, to deal 
with the ‘bulge’, and nineteen industries known to be 
still considering the Carr Report are listed. The 
Council has also asked all industries to make some 
quantitative assessment of their future training needs 
for all the young workpeople they expect to recruit 
for whom a planned scheme of training is desirable ; 
but although some industries have made such assess- 
ments, insufficient information is available to form 
any overall picture. The Council has accepted the 
Government’s offer of a grant-in-aid to promote the 
expansion of training for young people in the cireum- 
stances created by the ‘bulge’ and particularly to 
assist the appointment of training development 
officers, and the Council has approved assistance 
under this arrangement to the Cotton Board and the 
Booksellers’ Association and has agreed to a third 
grant to the Hotel and Catering Institute. The 
Council has also appointed its first two training 
advisers, and is now studying the information it has 
collected to decide what problems need more detailed 
consideration and what further information can use- 
fully be distributed. Five working committees have 
been set up for this task. 


National Museum of Wales 


THE year 1958-59 at the National Museum of 
Wales marked the retirement of Dr. F. J. North from 
the post of keeper of geology after a total service of 
more than forty-five years. The annual report quite 
properly pays high tribute to his services to the many 
tasks he undertook and the honours he received. 
Dr. North accepted the invitation of the Council to 
act for a while as a part-time special adviser to the 
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newly formed Department of Industry. In the 
Geology Department the emphasis of the year’s work 
was on the study and reserve collections; in the 
Botany Department an exhibit illustrating the 
mosses, liverworts and lichens has been installed ; in 
the Zoology Department several important alterations 
have been made in the gallery of vertebrates ; and 
the modernization of the galleries has continued in 
the Archeology Department. 
Industry appears for the first time in the annual 
report, and the generosity of many firms interested 
in this work is gratefully acknowledged. In the Art 
Department little radical change has been made in 
the display of the collections. At St. Fagans, Cile- 
went was opened to the public, who quickly appreci- 
ated the ideal siting of the house and the environs 


laid out to represent the contours and vegetation of 


the original place. 


European Barley Tests 

THE ninth annual report of the Barley Committee 
of the European Barley Convention deals with trials 
carried out in 1958 in fifteen European countries. 
Unfortunately, the widespread bad weather con- 
ditions reduced the value of the trials results because 
of the small grain with high nitrogen content. The 
malting quality was consequently much impaired, 
and brewing tests were abandoned. Judged on 
malting quality, there were some interesting new 
varieties : thus, Beka, Union and Wisa gave higher 
extracts than Proctor, which was the variety used as 
the standard for quality. Nevertheless, the general 
quality standard was so low that the report avoids a 
detailed summary of the performance of each variety, 
although it does make special reference to the 
capacity of the three varieties mentioned above to 
produce high extracts in spite of the most unfavour- 
able growing conditions. Agriculturally, the im- 
portant result emerging from these trials was the 
higher yields from the new varieties compared with 
the standard Kenia, which, however, has been out- 
classed in yield for some years. 

These co-operative trials are interesting in giving 
some indication of the range of varietal adaptability, 
and it is claimed that much information is being 
accumulated on the influence of climate on the 
quality and yield of barley. A special research worker 
has been appointed to analyse the data available on 
this matter and to make suggestions for further 
investigations. This is an important development in 
the activities of the Barley Committee and might 
provide interesting and valuable information on the 
requirements of different ecological conditions with 
respect to the most suitable types of barley for the 
highest expression of yield and malting quality. 


Research in Veterinary Science 

Everyone who wishes well to the veterinarian, in 
whatever country he practises, or maintains the fine 
quality of research which this profession is nowadays 
producing, will welcome the first number of Research 
in Veterinary Science, which appeared in January 
this year (1, No. 1; January 1960. Pp. 93. Pub- 
lished quarterly. Annual subscription: 90s. post 
free. Single issues, 258. Oxford: Blackwell Scientific 


Publications, Ltd., 1960). Inaugurated by the 


British Veterinary Association, this new journal has, 
as its executive editor, the editor of the Association’s 
well-known weekly, the Veterinary Record, who has, 
to assist him, three distinguished scientific editors 
and also an editorial board composed of experts in 
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practically every tield of veterinary science, many of 
whom have won, by the quality of their work, high 
distinction in the world of science. 

The aim of the journal, explained in a foreword by 
the president of the British Veterinary Association, 
is to fulfil Article 3 of the Association, which requires 
it to ensure “the promotion and advancement of 
veterinary and allied sciences” ; and those who hav: 
followed the progress of the veterinary profession in 
recent years will expect to see, in the articles pub 
lished, not only the wide scope mentioned by th« 
Association’s president, but also that note of com 
parative medicine and surgery which is nowadays : 
feature of veterinary science everywhere. Though 
diseases of animals are by their very nature especially 
allied to the diseases of man, a fact which is expressed 
in the increasing and wholly admirable co-operation 
between the veterinarian and the medical man, the 
veterinarian also needs, and energetically pursues 
other branches of science as well, and the training he 
nowadays receives must fit him well to co-operat: 
also in research in these. This journal will therefore 
reflect in its pages research in many branches of 
science and it will, as its inaugurators desire, have an 
international appeal; for veterinarians in other 
countries as well as Great Britain are invited to con 
tribute to it. One thing is certain—this journal will 
be essential to anyone who wishes to follow the rapid 
advances that veterinary science is nowadays making 
everywhere. 


Genetical Research 

WHEN the oldest British general genetical journal! 
left the country with its editor, only one such journal 
remained. This was doubly unfortunate. Not only 
was it a time when the pressure on space for 
publication was rapidly increasing in all fields, but 
it was also a time when the belated recognition by 
British universities that the Americans were right in 
recognizing genetics as an essential part of biology 
was beginning to have results. One journal of 
general genetics could not be enough for a country 
such as Britain, not only because of the bulk of 
publication to be expected, but also because of the 
desirability of having more than one editorial policy, 
however broad-minded that editorial policy might 
be. A new journal, Genetical Research, has now been 
launched to meet this need. Published by the Cam- 
bridge University Press, it is edited in Edinburgh 
by E. C. R. Reeve, with an editorial board, under the 
chairmanship of C. H. Waddington, who have a wide 
range of genetical experience. Three parts are to be 
published annually at 40s. each, the subscription 
being £5 a volume. The first number, of 172 pages. 
was published this February, and contains twelve 
papers ranging in content from micro-organism 
genetics to developmental genetics and the results 
of selection experiments. It includes a number of 
important papers among which should be noted 
especially Pritchard’s discussion of recombination, 
and Waddington’s experiments on canalizing selec- 
tion. The contents of this first number augur well 
for the future of a journal that was badly needed, 
and is most welcome. We wish it the long successful 
future that it clearly merits. 


Darwin’s Notebooks 

In Darwin’s Journal the year 1837 contains an 
entry which runs, “In July opened first notebook on 
‘Transmutation of Species’—Had been greatly struck 
from about month of previous March on character of 
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S. American Fossils—and species on Galapagos 


Archipelago. These facts origin (especially latter) of 


ali my views”. Sir Gavin de Beer has now transcribed 
the notebooks and the first of them dealing with the 
period July 1837—-February has been published in 
the historical series of the Bull. Brit. Mus. (Natural 
History) (2, No. 2). 

The four ‘‘Notebooks on Transmutation of Species” 
are the first implementation of the suggestion put 
forward by Darwin in his “Ornithological Notebook”’ 
referring to his visit to the Galapagos Islands in 
September and October 1835. The “‘First Notebook”’ 
represents the state of Darwin’s opinion as it developed 
six months after his return to England, the results 
of consulting the literature 'on the subject, and 
the first formulation of his conviction that the stability 
of species had been ‘undermined’. This ““Notebook” 
is important in tracing the course of Darwin’s thoughts 
and the extent of his knowledge before his cognisance 
of Malthus’s work. 


Food Habits of Migratory Ducks 


In the autumns of 1938, 1939, and 1940, duck 
gizzards totalling 4,977 were collected from hunt- 
ing clubs and individual hunters at twenty-one 
sites along the Illinois River between Ottawa and 
Florence and eleven sites along the Mississippi River 
between Rock Island and Quincy. The following 
seventeen duck species were represented: mallard, 
pintail, green-winged teal, blue-winged teal, baldpate, 
ygadwall, shoveller, black duck, wood duck, lesser 
scaup, ring-necked duck, redhead, canvas-back, 
ruddy duck, greater scaup, common goldeneye, and 
oldsquaw (Illinois Nat. Hist. Surv. Bull., 27, Article 4; 
August 1959). Analyses of the gizzard contents were 
made by Harry G. Anderson and indicated that, dur- 
ing the autumn, most species of ducks in Illinois are 
predominantly vegetarians, that most of them feed 
principally on native wild plants, and that the lesser 
scaup is the only species with a diet predominantly 
animal. Maize made up half of the organic contents 
of mallard gizzards. Native wild foods were present in 
relatively greater quantities in gizzards of the wood 
duck, pintail, redhead, baldpate, green-winged teal, 
and ring-necked duck, all of which included maize in 
their diets. 

The relative positions of the important food plants 
changed from year to year as accessibility and 
availability varied. The importance of a plant species 
to a species of duck depended on the size of the duck 
and the type of feeding habitat of the duck. The 
dabbling ducks fed primarily on emergent and moist- 
soil plants and the diving ducks more frequently on 
submerged plants. Animal foods were more impor- 
tant to the diving ducks than to the dabbling ducks. 
Snails and mussels provided the largest animal food 
volume and occurred in the largest number of giz- 
zards. Insects were second in volume and occurrence. 
Grit constituted about 11-28 per cent of the gross 
contents of the gizzards of various duck species. 
Most of the stones were less than 2 mm. in size; the 
sizes ranged from minute to 19 mm. in size. More 
than two hundred of the gizzards examined contained 
lead shot pellets. 


British Scientific Instrument Research Association 


At a recent meeting of the Optical Panel of the 
British Scientific Instrument Research Association, 
the members expressed the opinion that, with the 
advent of electronic computers, the conventional 
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optimization methods used for optical design had 
probably achieved their maximum efficiency, and 
that there was now a deep-felt need for re-thinking at 
the fundamental levels of the problem. The director 
endorsed this view, and suggested that what was 
required was a new approach to the mathematical 
statement of the problem, leading, if successful, to 
an operational calculus or algebra embracing the 
whole field of design of optical systems. To this end 
the Association is now proposing to appoint a 
mathematician of the highest calibre, who will be 
given an entirely free hand in this field. 


Announcements 


Ratew E. McBurney, former air vice-marshal in 
charge of Air Material Command, Ottawa, has been 
appointed head of the Technical Information Service 
of the Canadian National Research Council. The 
position at the National Research Council is made 
vacant by the retirement of F. G. Green, head of the 
section since 1950. 

It is announced that Prof. C. Salvetti has been 
appointed director of the International Atomic 
Energy Agency’s Division of Research and Labor- 
atories. Prof. Salvetti has been a consultant to the 
Agency, and will now be in charge of the Agency’s 
activities in the field of research and the laboratories 
now under construction at Seibersdorf. 

Miss H. M. Bruce, of the National Institute for 
Medical Research, London, has been awarded the 
Oliver Bird Prize for 1959 for a series of papers 
submitted under the general title of ““An Exterocep- 
tive Block to Pregnancy”’’. The Prize is given by the 
Oliver Bird Trust (secretary, Mrs. Clifford Smith, 
64 Sloane Street, London, 8.W.1). 

Dr. F. V. WessteEr, of the Road Research Labora- 
tory, has been given the Wolfe Award for 1959. This 
is the second of ten annual awards of £500 to be 
made under the terms of a bequest, to a research 
worker of the Department of Scientific and Industrial 
Research who makes an outstanding contribution to 
the research work of the Department during the 
previous twelve months. Dr. Webster has been con- 
cerned mainly with the general settings of traffic 
signals, and has included the use of signals on high- 
speed roads and at traffic roundabouts. 

WE are informed that “Principles of Organic 
Chemistry” by T. A. Geissman, noticed in Nature of 
January 16, p. 131, is now available from the English 
branch of the publishers, W. H. Freeman and Co., 
Ltd., Hyde House, West Central Street, London, 
W.C.1, price 48s. 

THE British Leather Manufacturers Research 
Association, Milton Park, Egham, Surrey, will open its 
laboratories to invited visitors during May 3-5; the 
annual lecture on the first day (heavy leather industry) 
will be given by Dr. K. W. Pepper, director of the 
Association ; that on the second day (light leather 
industry) by Mr. F. R. Morgan. 

THE Societa Italiana di Fisica is organizing an 
international school of physics during May 23— 
August 17 at Varenna in the Villa Monastero. It 
will consist of four courses: Ergodic Theories, May 
23-31; Nuclear Spectroscopy, June 20—Tuly 9; 
Physicomathematical Aspects of Biology, July 11-30 ; 
and Topics of Radio-frequency Spectroscopy, August 
1-17. Further information can be obtained from 
Prof. Piero Calderola, Istituto di Fisica dell’Universitaé 
Via Saldini, 50 Milano. 
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HOW MANY MORE NEW JOURNALS? 


T a recent meeting of the Scientific Publications 

Council held at the Ciba Foundation, London, 
problems arising from the rapid increase in the 
number of new scientific journals were reviewed. 
Dr. D. J. Urquhart (Department of Scientific and 
Industrial Research Lending Library Unit) said that 
the number of journals taken by the Science Museum 
Library is increasing at the rate of about 700 a year, 
or nearly two new journals a day. Present indications 
are that with the development of new research institu- 
tions in China, Japan and other countries, this number 
is likely to go up to 1,000 or more new journals a 
year. The reason for the increase is that more money 
is being spent on scientific research. The increase in 
the number of journals does not mean that scientists 
are reading more: inquiry has shown that few 
individual scientists read regularly more than three 
or four scientific journals. Most of the smaller 
libraries take 100-300 journals and the number taken 
by them has not greatly increased in recent years. 

Mr. T. H. Clare (director of Edward Arnold, Ltd.) 
said it was his personal experience as a publisher 
that new journals were often started without any 
expectation of an immediate financial return. A 
publisher might agree to start a new scientific journal 
mainly for reasons of prestige or because it might 
bring him into contact with the prospective authors of 
profitable books. A journal is less seasonal than 
many other forms of publication and it provides a 
useful way of keeping the skilled compositors regu- 
larly occupied and so spreading the publisher's 
overheads. The capital outlay required for the pub- 
lication of a new journal is relatively small, and there 
is often a quick return. 

Dr. B. M. Crowther (Institution of Electrical 
Engineers, and editor of Physics Abstracts) said that 
the number of scientific publications is increasing by 
about 5-10 per cent a year. Scientific information 
has generally been like an iceberg—with more below 
the surface than appears on top: but recently we 
have seen an unfortunate tendency to bring everything 
to the surface by publishing all the information 
available. Scientists have recognized the need for 
order in certain matters such as scientific nomencla- 
ture: there is now a need for general agreement in 
introducing more order into scientific publication. 
One thing calling for discipline is the habit of some 
workers of publishing the same material several times. 
The same work may appear first in a preliminary 
communication, then in various papers in national 
and international journals and again, with minor 
modifications, in congress reports and symposium 
volumes. Many of the increasing number of confer- 
ence publications now appearing seem unnecessary : 
they contain little that is of permanent value and it 
might be better if they were not published. Con- 
ferences might be arranged for discussing recently 
published work, without the publication of further 


papers. Some of the smaller foreign universities 


start new journals apparently for the sole purpose of 
acquiring other journals by exchange, and many of 
these are practically valueless. If more work needs 
to be published, why not increase the size of some of 
the existing journals ? 


Dr. D. Richter (director of the Medical Research 
Council Neuropsychiatric Research Unit) said that 
while some publishers may play a passive part, there 
are others who are active in persuading scientists to 
start new journals. Some of the journals started in 
this way have proved successful ; but with others 
the editors have found it hard to get sufficient good 
manuscripts to keep them going, so that standards 
have tended to fall. There should be sufficient 
journals to ensure the prompt publication of any 
worthwhile research : but not so many that there is 
reduplication and a lowering of standards. There is 
no means of enforcing any kind of control, but when 
the problem is more widely appreciated, public 
opinion may help to keep the number of journals at 
a reasonable level. 

Dr. G. E. W. Wolstenholme (director of the Ciba 
Foundation) said that a major cause of reduplication is 
the insistence by university and other committees 
that those attending meetings should give a paper in 
order to get their expenses: but some of the more 
enlightened grant-giving bodies no longer insist on 
this. Temporary research grants also cause unneces 
sary publication, since a research worker may fee! 
he must publish a paper to ensure the renewal of his 
grant. 

Mr. A. V. 8S. de Reuck (internationa] relations secr+ 
tariat, Royal Society) blamed a tendency in sony 
circles to judge a man by the quantity rather than th: 
quality of the work he published. A higher standard of 
refereeing is needed to check reduplication and rais: 
the general standard of publication. Prof. G. W 
Harris (Postgraduate Medical Federation) asked what 
would be the result if scientists could be licensed ani 
permitted to publish only one paper and one pr: 
liminary report a year ? 

Dr. R. K. Callow (National Institute for Medica! 
Research) said that the abstractor often finds himsel! 
abstracting the same work two or three times ; an 
much of the work coming from some countries is 
practically worthless. There is a need to return to 
scientific ethics in ensuring that a paper accepted for 
publication is really worth publishing. One cannot 
generalize about the value of conference reports 
some of them provide an up-to-date summary of a 
subject which is extremely useful for those who wish 
to discover what is going on without the tremendous 
labour of looking up all the original papers. In 
C. C. N. Vass (honorary editor International Abstracts 
of Biological Sciences) felt that we are reaching a stage 
where there is so much printed matter that nobod) 
will read anything. He advised people always tv» 
take volume 1 of a new journal, for all the best paper 
were there. Often it was the only one worth buying, 
and in any event it would soon be unobtainabl 
Symposium and conference volumes present a special 
difficulty for the abstractor, since these may con- 
tain a mixture of reviews, original papers and 
preliminary reports which are very hard to disen 
tangle. 

Mr. R. W. David (president of the Publisher- 
Association) said the problem of too many journals 
falls into two parts. There is first the problem of 
scientists writing too much; and this can only be 
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solved by the scientists themselves. They must 
agree to resist the blandishments of the less scrupulous 
publishers, who cannot be controlled in any other way. 
[t is natural that publishers should be keen to build 
up scientific lists, and they may not really be capable 
of judging quality. The other part of the problem is 
that even if the scientists agreed to exercise due 
restraint, there would still be, and increasingly so, 
more material than can be digested in its present form 


HUMAN 


“HE recently formed Society for the Study of 
7 Human Biology holds each year a symposium 
on some topic bearing on the evolution, ecology or 
genetics of man, and these annual events bid fair to 
become of very wide interest. This year the subject 
was ““Human Growth,” and seven papers were given, 
under the chairmanship of the Society’s president, 
Dr. A. C. Stevenson, and its vice-president, Prof. 
J. Z. Young. The Society’s programme secretary, 
Dr. G. Ainsworth Harrison, who planned the pro- 
gramme, deserves much praise for his skill in so 
successfully composing the various views of human 
growth into a synoptic whole. Some points that the 
speakers made are given below: the full account 
of the proceedings is to be published this summer 
(Pergamon Press). 

Prof. Adolph Schultz (Zurich) opened the proceed- 
ings with a paper on the comparison of changes during 
yrowth in man, apes and monkeys. He emphasized the 
great importance of such comparative growth studies, 
pointing out that phylogenetic change results primar- 
ily from a modification in the inherited plan of growth 
or development. ‘Thus an understanding of the 
evolution of the specific characters of man was largely 
dependent upon knowledge of the ontogeny of these 
characters among primates. For example, the 
cranio-vertebral joint was situated farther forward in 
man than in any other primate or even any other 
mammal. But this became an exclusively human 
attribute only during postnatal life, for the foetuses 
of all simian primates, in contrast to prosimians and 
other mammals, were characterized by occipital 
joints situated far towards the mouth. Post-natally 
in apes and monkeys the joints were moved backward 
in position by differential skull growth ; but in man 
this happened to a lesser degree. 

In discussing prenatal growth Prof. Schultz showed 
how in monkeys and man the full-term foetal head 
fitted the birth canal precisely, whereas in apes the 
head was considerably smaller than the pelvic ring. 
Thus in contrast to the apes, neither monkey nor 
man could afford to go on growing longer in utero. 
The reasons were probably different, however, for 
monkeys reached a higher degree of skeletal maturity 
at birth than apes, and presumably birth waited on 
this. Man, however, was even less skeletally mature 
at birth than apes, and in this case it was the great 
growth of the foetal head that was the limiting factor. 

These skeletal ossification data served well to show 
how evolution worked through alteration in the 
relative timing of patterns of growth, for the general 
sequence of appearance and fusion of ossification 
centres was similar in all primates ; it was the timing 
in relation to other events of growth that differed. 
Prof. Schultz left no doubt in the minds of his 
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by those for whom it is written. A revolution in the 
means of communicating scientific knowledge there- 
fore seems inevitable. This may take many different 
forms: microfilming to save library space, abstract- 
ing, and the compilation of bibliographies to guide 
the reader to the essential reading. It would be 
helpful if scientists and publishers could get together 
to consider the directions in which these developments 
could most usefully be trained. D. RIcHTER 


GROWTH 


hearers that longitudinal growth-studies of sub- 
human primates were a high priority in the investiga- 
tion of human evolutionary change. 

Dr. Wilma Israelsohn (Institute of Child Health, 
University of London) described some of the modes 
of analysis of human growth data, taking many of 
her illustrations from the data of the Harpenden 
Growth Study, which included a number of children 
measured by the same anthropometrist every six 
months over a period of eleven years. Dr. Israelsohn 
stressed the difference between such longitudinal 
studies and cross-sectional surveys, and emphasized 
how statistical methods appropriate to the survey 
type of data became hopelessly inefficient if applied 
unaltered to longitudinal records. She described 
some of the recent attempts to fit useful curves to 
longitudinal growth data, and said that at least two 
curves were needed to cover the period from birth to 
maturity. Up to adolescence the simple formulation, 
stature (for example) = a + bt + c¢ log ¢t where ¢ 
was age, gave surprisingly close fits to the data, and 
after the adolescent spurt of growth had begun the 
Gompertz curve, also with three parameters, fitted 
excellently. More complicated form changes involving 
not one but several measurements could be followed 
by the method of transformed co-ordinate grids. 

Dr. J. M. Tanner (Institute of Child Health, Univer- 
sity of London) discussed the genetics of human 
growth. Like Prof. Schultz, he stressed how species, 
and also individual differences in adult morphology, 
depended on genetically determined differential 
growth gradients during foetal and post-natal growth. 
He quoted data showing that the fundamental control 
of the rate of development in man was genetical ; 
thus the age of meriarche, the first menstrual 
period, was probably determined in optimal environ- 
mental circumstances by many genes of small effect, 
like stature. Mother-daughter and _sister—sister 
correlations were about 0-4, and the average difference 
between identical twins in reaching menarche was 
about 2 months, compared to about a year in sisters. 
Skeletal maturity appeared to be similarly inherited, 
as did many of the more intricate details of the growth 
curves of body measurements. Dr. Tanner described 
three regional growth gradients as occurring in man, 
the well-known cephalocaudad one, a distal—proximal 
one in the limbs, and a second-to-fifth phalanx one 
in hand and foot. He ended with a brief account of 
his own and his colleagues’ recent work on the skeletal 
maturity of XXY and XO individuals which, he 
thought, showed that the retardation of development 
in the male as compared to the female, seen in all 
primates and perhaps all mammals, was due to genes 
on the Y chromosome, possibly closely related to those 
causing differentiation of the male gonad. 
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Dr. D. F. Roberts (Department of Human 
\natomy, University of Oxford), discussed the effects 
of race and climate on growth, as exemplified in his 
studies of tribal African children. At all ages the 
African children had a lower weight for height than 
Europeans, and this, Dr. Roberts thought, could not 
by any means be ascribed simply to lack of nutrition. 
The degree of weight reduction and linearity of body 
build was closely associated with the mean annual 
temperature of the region studied and reached its 
maximum in the Nilotics. Whether climate exerted 
a direct effect upon growth, or whether the results 
came about through racial adaptation to habitat 
through selection, Dr. Roberts could not say. He 
stressed the need for more detailed investigations of 
the growth of children in tropical countries, and for 
the investigation of children exposed to varying 
climatic conditions during their growth period. 

Dr. Roy Acheson (Guy’s Hospital) described the 
effects of malnutrition and illness on growth. Though 
some of the social class differences in the height and 
weight of children and adults might be genetical in 
origin and due to social stratification and selective 
social migration, most were due to environmental 
causes. Studies in the Oxford Child Health Survey 
of the effect of adverse environment on height and 
skeletal maturity had convinced him that the former 
was more affected by illness than the latter, with the 
probable consequence that some degree of stunting 
of the adult would occur. The hormonal mechanisms 
by which this came about were obscure, and invited 
increased attention; they evidently involved the 
balance of secretions of growth hormone, adrenal 
hormones, insulin and thyroid. 

Prof. T. McKeown (Department of Social Medicine, 
University of Birmingham) discussed influences 
affecting human prenatal growth. It seemed that 
up to 27 weeks foetal weight was independent of the 
number of foetuses in the uterus, but after that the 
growth-rate of twins fell below that of singletons. 
Growth began to be retarded when the weight of the 
foetus or foetuses was about 7 lb., and in singletons 
from the thirty-sixth week to birth retardation 


clearly occurred. Whether this maternal effect 


THE ROCKEFELLE 


rT“HE President's review, reprinted from the 

Annual Report, 1958, of the Rockefeller Founda- 
tion together with Dr. Warren Weaver's report, “A 
Quarter Century in the Natural Sciences”, records 
appropriations by the Foundation during the year 
totalling 31,592,157 dollars, of which 6,274,205 
dollars were for agriculture, 6,201,225 dollars for 
biological and medical research, 4,239,160 dollars for 
medical education and public health, 4,300,160 
dollars for the social sciences, 3,620,582 dollars for 
the humanities, and 3,266,575 dollars for supporting 
services. The total included funds for 279 Rocke- 
feller Foundation Fellowships in fifty-one countries 
for advanced study outside the recipient’s own 
country, and 301 other Fellows continued their work 
in 1958 through earlier awards. Dean Rusk’s general 
comments are appropriate to the increasing interest 
in economic and technical assistance to the under- 
developed countries. The expansion of such develop- 
ment programmes has compelled the Rockefeller 
Foundation to consider carefully where it can make 
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was due to local uterine factors or to systemic ones 
was not surely known, nor whether the degree of 
retardation suffered by the foetus had any effect in 
later life. Prof. McKeown thought that the retarda- 
tion period, that is the last four weeks before birth, 
was a period of considerable growth difficulty in man, 
and felt that increased attention should be paid to 
it, both prophylactically and therapeutically. 

Dr. A. W. Boyne (Rowett Research Institute, 
Aberdeen) discussed some aspects of the well-known 
secular trend to higher weight and height of children 
at all ages. He quoted French and Scandanavian 
data, as well as British, which left no doubt that an 
increase in final adult height had been occurring as 
well as an earlier achievement of adolescence and 
full stature. Some evidence pointed to this increase 
in adult stature having been greater in the lower 
socio-economic groups than in those who had always 
been well fed and well housed. Dr. Boyne discussed 
the changes in l1l-year-old intelligence quotient in 
some Scottish data, and in particular the increase 
of girls’ intelligence quotient relative to boys’ at 
this age. He suggested this might have the same 
explanation as a similar increase in sex difference in 
weight, which was certainly due to the earlier occur 
rence of the adolescent growth spurt. Though his 
premise demanded the existence of a growth spurt 
in intelligence quotient at adolescence, the consensus 
of opinion was against any such view. 

Each of the papers was followed by a lively discus 
sion. These discussions ranged over the manner of 
man’s evolution by differential growth-rates of brain 
and other parts, the adaptation of different races to 
different habitats by differential patterns of growth, 
the occurrence of homeorrhesis in man and _ the 
greater stability of growth of the female under stress 
than that of the hemizygous male, and the relation of 
growth of the body to the development of mental skills. 

A whole day’s meeting to discuss human growth 
would have been unthinkable in Britain even ten 
years ago, and the Society for the Study of Human 
Biology is much to be congratulated for furthering 
the development of this important subject. 

J. M. TANNER 


R FOUNDATION 


its best contribution, and Dean Rusk maintains that 
the Foundation’s own experience emphasizes the 
dependance of significant social and economic advance 
upon trained leadership and the severe limitation of 
large development programmes by the lack of quali 
fied people. The need for professional competenc: 
is likely to be far greater than official development 
plans usually contemplated, and accordingly the 
Foundation’s most significant contribution is likely to 
be in the preparation of competent men and women 
for roles of leadership and, so far as the unde 

developed countries are concerned, in the effective 
application of existing knowledge to their practical! 
needs, with an emphasis upon fundamental 

search. 

Dean Rusk points out that the 1958 awards bring 
the total of Foundation fellowships to 8,117, and 
that scholarships, training grants and other more 
directly administered training aids may be used 
where the more formal fellowships would not be 
appropriate. Grants are also made to permit other 
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organizations to award fellowships and training grants 
in their special field and to permit other agencies to 
award fellowships within the recipient’s own country. 
Travel grants totalling about 250 were made in 1958 
to permit visits highly relevant to the recipient's 
plans and professional advancement; financial 
assistance was also given to key institutions, such as 
the Paulista School of Medicine in Sao Paulo, Brazil, 
which can assume roles of national and regional sig- 
nificance in developing leadership, as well as assist- 
ince to libraries, both in books and in the improve- 
ment of library techniques, and training within the 
Foundation’s own operating programmes in agri- 
culture and virus research. Among grants in 1958 in 
support of research highly relevant to development 
programmes, the President selects for mention those 
to Cornell University for research on crop yields, to 
Kyoto University for research on wheat, to the 
University of Alaska for studies of grasses and 
legumes, and to the National Research Council for 
esearch on foods rich in protein, while he emphasizes 
that the Foundation’s most direct contribution to 
inter-cultural understanding takes the form of 
assistance to relevant university work in the human- 
ities and social sciences. He also stresses the Found- 
ation’s consistent policy of supporting pioneering 
work along the growing edges of knowledge and its 
general policy not to accept responsibility for physical 
plant. The Foundation also tends now to a policy of 
broad longer-term support of research projects, 
although it can do so in only a few selected cases, 
believing that this is a responsible adjustment 
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to current changes and the need for stabilization 
and that it leaves decisions about specific research 
to those most closely concerned. Although in 
the period 1953-58 just under 65 per cent of the 
Foundation’s expenditure or commitments of 637 
million dollars was for institutions, organizations, 
scientists and scholars in the United States, these 
funds have often strengthened American institutions 
from which it has drawn its own staff and in which 
its Fellows might be trained for increased respons- 
ibility. Finally, it is noted that the Foundation 
continues to draw upon its capital funds to the 
extent of 5 million dollars a year to do more in 
Latin America, Africa, the Middle East and Asia 
than would be possible within its annual income, in 
view of the crucial importance of these present years 
for the peoples of these areas. 

Dr. Weaver’s brilliant survey, which occupies some 
115 pages compared with the President’s 25, is in- 
tended to gave a general account of the state of scienti- 
fic advance in 1932 as a background to the explanation 
of the reasons which led the Foundation in 1933 to 
place major emphasis in its support of science on 
studies of living things. The bulk of the Report is a 
summary of the Foundation’s subsequent activities 
under its Programme in Experimental Biology—a 
survey which covers advances in techniques and 
instruments as well as in our knowledge of the 
behaviour and structure of living things. Finally, 
glancing at the future, Dr. Weaver gives reasons for 
his belief that we are on the threshold of what should 
be a new era in biology. 


INTERNATIONAL CONTROL OF NARCOTIC DRUGS 


‘INCE the first international conference on the 
iJ control of narcotics, which met in 1909 in Shang- 
hai, there has been universal recognition of the 
importance of preventing the abuse of narcotic drugs. 
Before the Second World War, the League of Nations 
undertook the necessary measures for international 
control of illicit traffic in opium, morphine and other 
drugs used by addicts. Through its Health Committee, 
the League also dealt with the medical problems 
involved in such control. When the League of 
Nations was dissolved its functions were conferred 
upon two international organizations: the policy- 
making and administrative functions were trans- 
ferred to the United Nations Organization and the 
specifically medical aspects came within the purview- 
of the World Health Organization. 

The World Health Organization advises on the 
medical aspects of drug addiction and addiction- 
producing drugs. It is empowered to decide whether a 
newly discovered product is liable to produce ad- 
diction and should therefore be subject to inter- 
national control. The Organization takes such 
decisions on the advice of an Expert Committee on 
the Addiction-Producing Drugs, the activities of 
which include the examination of drugs suspected of 
having addiction-producing properties. Since _ its 
inception, that is, during the past ten years, the 
Committee has examined 73 drugs and preparations, 
55 of which were found to represent a danger to 
public health. The proceedings of the Committee, 
accompanied by statements on special problems 
raised by drug addiction, have been published in nine 
reports. It also advises on products which, although 





not addiction-producing drugs, can readily be con- 
verted into them. The same Committee has also given 
definitions of ‘drug addiction’ and ‘drug habituation’, 
taking into account pharmacological, psychological 
and public health aspects. These definitions have 
found world-wide acceptance. Recently, the range of 
drugs which need continual survey has been increased 
by the inclusion of hypnotic and tranquillizing, as 
well as stimulating, agents, although these do not 
lead to addiction in the strict sense of the definition. 

The World Health Organization has also started to 
take an active interest in the treatment of drug 
addicts. In 1956 a Study Group on the Treatment 
and Care of Drug Addicts examined the medical 
features of drug addiction caused by opium, opiates, 
morphine-like synthetic drugs and cannabis, and 
outlined general principles as well as recommending 
rational methods of treatment and rehabilitation. 

The chewing of coca leaves, which is so widespread 
in many parts of Latin America, and the increasing 
abuse of Cannabis are other important problems 
dealt with by the World Health Organization, which 
has decided that both habits represent a considerable 
danger to public health, and it has suggested the form 
which international control of these types of addiction 
should take. 

The problem is complicated by the introduction of 
new therapeutic substances which may have addiction- 
producing properties and, above all, the continual 
discovery of new narcotics, mainly synthetic, which 
are submitted for international control every year. 
The World Health Organization foilows developments 
very closely and, at the request of the Economie and 
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Social Council, has undertaken studies on the chemical 
structure of synthetic substances with morphine-like 
effects, the relationship between their chemical 
structure and their analgesic action, and the relation- 
ship between the latter and their liability to produce 
addiction. The Organization has studied the thera- 
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peutic properties and side effects—especially the 
addiction-producing properties—of 30 drugs of prac- 
tical importance which have been put on the market 
as substitutes for morphine and codeine*. 


* World Health Organization Chronicle, 13, No. 12 ; December 1959 


MARRIAGE-RATE OF AMERICAN COLLEGE GRADUATES 


(oe graduates in the United States are now 
marrying at a much earlier age than their parents. 
They are having children much sooner, having more 
children, spacing them much closer together, and 
seem to be following the general trend of the younger 
generation by completing their families earlier than 
their parents. 

During 1946-1956, the College Study Group of the 
Population Reference Bureau, Inc., reported that the 
fertility of the younger college graduates was higher 
than that of the graduates of a generation ago 
(Population Bulletin, Vol. 15, No. 6: Fertility of 
College Graduates, Pp. 101-116 (Washington, D.C. : 
Population Reference Bureau, Inc., 1959.) 50 cents). 
Additional results, gathered in 1955, have made it 
possible to measure the degree of these marriage and 
fertility differences in two college classes, those 
graduating in 1930 and in 1945. The average age at 
first marriage in 1955 in the United States was 23 for 
men and 20 for women. For the graduate class of 1945, 
the average age at marriage was 24 years for both sexes 
and it was 25 years for both sexes for the class of 
1930. Ten years after graduation, fewer of the younger 
graduates remained single: 13 per cent of the men 
and 10 per cent of the women among the younger 
graduates, compared with 20 per cent of the men and 


27 per cent of the women among the older graduates. 


The proportion not married ten years after gradu- 
ation continued to be higher among graduates of 
Roman Catholic colleges: 20 per cent of the mer 
and 23 per cent of the women in the class of 1945, 
compared with 38 per cent of the men and 43 per cent 
of the women in the class of 1930. 

When the survey was taken in 1955, the 10-yea: 
women graduates of the class of 1945 who were about 
mid-way through their family-building years alread) 
had a greater average number of children than th: 
25-year women of the class of 1930, who had reached 
the end of the reproductive span. The men of both 


classes were parents of still more children than the 


women in both groups. Although the younger 
graduates had babies at a faster rate than the older 
graduates, their contribution to the post-war rise in 
the birth-rate was not as great as either high schoo! 
or grade school graduates. The differential birth 
rate which has concerned eugenicists and others stil! 
persists. The 10-year women college graduates did 
not reach their fertility peak until 1952. Once they 
started having babies, they continued to have them 
over a longer period of time than other women of their 
age. These results confirm the belief that a great 
change in attitudes towards marriage and family has 
occurred in the United States, even among college 
graduates. 


PLANT POPULATION AND CROP YIELD 


By R. HOLLIDAY 
Department of Agriculture, University of Leeds 


RAPHICAL examination of the relation between 

J crop yield and the number of plants per unit 
area suggests that two distinct types of curve may 
be obtained. One, typified by work by Engledow' 
and Hudson* on grain yield in wheat, is approx- 
imately parabolic in shape. With this type of 
curve a certain plant population gives a maximum 
yield, while greater or less populations give lower 
yields. Other workers have obtained similar curves 
in the case of seed, fruit or influorescence yield 
with other cereals, maize, sorghum, soya beans, 
peas, tomatoes, hops and both seed and lint yield 
in cotton. 

Work at Leeds with wheat has given, in the case 
of straw yield, an increasing yield relation to a 
maximum but with no sign of yield decrease beyond 
this maximum up to populations established from 
4 cwt. of seed per acre. This relation is referred to 
below as an asymptotic curve. In contrast, the yield 
of grain in most years showed a maximum at or 
about populations established from 1 cwt. of seed 


per acre. A similar contrast in dry matter yield 
plant population curves was obtained with pure 
sowings of perennial ryegrass*.*. In the seeding year, 
with yield resulting from vegetative growth, the 
curve was asymptotic up to populations estab- 
lished from 160 lb./acre ; in the following year, where 
yield was a product of reproductive as well as 
vegetative growth, the curve showed a maximum at 
or about populations established from 20 Ib. of seed 
per acre. Donald* in Australia obtained the same 
kind of contrast with Wimmera ryegrass and sub- 
terranean clover; the seed—yield curver showed a 
maximum, while the vegetative yield was asymptotic 
up to populations of 180 x 10* plants per acre in the 
case of ryegrass experiments. 

Although the range of populations covered are 
sometimes rather limited, references in the literature 
would suggest that sugar beet, kale, mangolds, fodder 
beet, tea and timber yields, all of which are products 
of vegetative growth, show an asymptotic type of 
yield—plant population relation. 
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Table 1 


| 
Plant | D.M. yield Reciprocal 
Seed rate |population at! D.M. yield per plant | of yield 


Ib./acre |harvest (000’s' (tons/acre | (tons x 10~* per plant 


No. 4718 





| /acre(z)) (Ya)) | (Yp)) (1/Yp) | 
1951 2 74 0-274 3-60 0-278 = | 
4 | 198 0-550 2-78 0-360 
8 340 0-729 2-14 0:467 
16 469 0-853 1-82 0-550 
32 918 0-950 1-30 0-770 
64 1,530 0-967 0-63 1-590 
L.S.D. 178 0-113 - - 
1952 2 174 0-151 1-56 0-641 
4] 0-104 1-18 0-847 
8 0°377 0°81 1-243 
16 | 0-485 0-49 2-065 
32 0-592 0-40 2-530 
64 0-536 0-25 4-090 
L.8.D 0-112 
1953 2 160 1-14 7-02 0-149 | 
6 338 1-35 4-01 0-266 
18 | 631 1-67 2°69 0-393 
54 1,318 1-81 1-48 0-744 
L.8.D. 186 0-202 -= -- 
1954 2 207 1-60 7°61 0-136 
6 403 1-69 4-39 0-266 
18 sll 1-63 2-11 0-514 
54 1,671 1-78 1-11 1-005 
L.S.D. 126 | N.S ~- 





Several years of work have been carried out at 
Leeds on the rape crop with populations up to 
3 x 10° plants per acre, with marrow-stemmed and 
thousand-head kale up to 0-5 10° plants per acre 
and with potatoes up to 3-2 10* plants per acre. 
With each of these crops the dry matter yield has 
shown an asymptotic relation to populations. In the 
case of potatoes, this has applied to both top growth 
and total yield of tuber expressed on either a fresh 
or dry matter yield basis. The yield of ware-sized 
tubers, however, gave a curve with an observable 
maximum in it. 

The evidence given above suggests that the para- 
bolic type yield—plant population relation is typical 
where yield is some product of reproductive growth, 
while the asymptotic one is more characteristic where 
yield is a product of vegetative growth. Attempts 
have been made to analyse the form of the latter 
type of curve using the four crops mentioned above. 
Data from four-year experiments with the rape crop 
(Essex Giant rape) is given in Table 1. In 1951 and 
1952 the crop was sown in late July and harvested in 
October as a ‘catch’ crop. In 1953 and 1954 it was 
treated as a full season crop, being sown in April and 
harvested in October. In the last two years three 
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Fig. 1. Variation of 1/¥p with plant population (Essex Giant rape). 
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levels of nitrogenous fertilizer were included as a 
treatment factor, but as there was no significant 
interaction between the two factors, the figures 
given in Table 1 are the main effects of the population 
treatment. It should be mentioned that in each of 
the years covered by these experiments soil moisture 
was not severely limiting, and the same can be said 
of Donald’s work in Australia. 

As yield per unit area (Ya) is a product of the 
number of plants per unit area (x) and the yield per 
plant (Yp), an examination of Ya starts logically 
with a study of Yp. The size of Yp decreases at a 
diminishing rate with increasing number of plants 
per unit area. Fig. 1 shows that Yp decreases in such 
a way that its reciprocal (1/Yp) forms a linear relation 
to plant population (x). Studies with potatoes, 
marrow-stemmed and thousand-head kale have shown 
the same feature : 

Thus : 


. lj 
Yp a - OF 
Hence Y : (1) 
nce , = 
P a + ba 
1 
where x=9; Yp = 
a 


Yp at x =0 represents a theoretical situation 
where there is a complete absence of competition for 
environmental resources. Thus Yp should be at its 
maximum possible value. Let this ‘apparent’ 
maximum yield of Yp be represented by A and sub- 


stitute this value for 1/a in equation (1), that is: 
l 
j ——— 2 
Y¥p =A Ll + Aba (2) 
As yield per unit area is the product of yield per 
plant and the number of plants : 


Ya = Ypxx = Ax X Tobe (3) 
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Equation (3) describes the form of the asymptotic 
vield—plant population curve. In it the value A has 
been termed the ‘apparent’ maximuin yield attain- 
able by the isolated individual plant in the particular 
environment, because it was obtained by extra- 
polating the 1/Y>:p regression line to the ordinate. As 
such, A will be greater than the true maximum yield 
A’. The latter will apply up to some plant population 
n, at which plant competition for environment 
resources just commences. The reduction of yield 
per plant will thus operate over the remaining plant 
population m = (x — n) (Fig. 2). The response curve 
formula may now be re-stated in terms of the true 
maximum yield per plant A 

a , , ] 
Ya = (A’n + A’m) eo (4) 
or 
1 
1 + A’bm 

Equation (4) is fundamentally more satisfactory 
than equation (3). Since m and m are terms which 
would change with increases in the size of A’ through 
the growing season and hence will be difficult to 
determine experimentally, equation (3) will probably 
be of greater utility. This will also mean that the 
change of slope in the Yp or 1/Yp curve in Fig. 2 
will be more gradual than is shown. It can be shown, 
however, that : 


Ya = A’r. 


THE RESPIRATORY DEAD 
By Pror. EUGENE D. ROBIN*, 
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“7 = b (x — m) = bn (5) 

Thus, n may be determined if in any plant 
population experiment a treatment is included where 
plants are grown completely free from competition 
so that A’ may be determined experimentally. 

The value 1/(1 + Ab) in the simpler or 1/(1 + A’bm) 
in the more complex equaticn may be appropriately 
termed the ‘competition function’, since it shows the 
way in which Yp decreases with increasing com- 
petition for the finite environment resources available 
per unit area. 

It is considered that the equations established 
above will have several uses in agronomic work. 
Inter-plant competition within a growing crop repre- 
sents a relatively simple ecological situation. The 
treatment given above may, nevertheless, represent 
a first stage towards studying more complex situa- 
tions where two or more species are in competition 
for environment resources. 

Acknowledgment is made to Dr. B. L. Welch. 
reader in statistics, University of Leeds, for help and 
advice in the latter part of this article. 


1 Engledow, F. L., J. Agric. Sci., 18, 1 (1928). 

* Hudson, H. G., J. Agric. Sci., 31 (1941). 

* Holliday, R., Agric. Progress, 27, Pt. 2 (1953). 

* Thompson, W., thesis for M.Sc. degree, Leeds (1956). 

* Donald, C. M., Aust. J. Agric. Res., 2 (1951); 5 (1954). 


SPACE OF THE GIRAFFE 
Dr. JOSEPH M. CORSON and 


Pror. GUSTAVE J. DAMMIN 


Departments of Medicine and Pathology, Harvard Medical School, and the Medical Clinics and 
Department of Pathology of the Peter Bent Brigham Hospital, Boston, Massachusetts 


a E physiologist has always been fascinated by 
the problems inherent in the regulation of cir- 
‘ulation and respiration of the giraffe, in which the 
brain and thorax are so widely separated. 

One area of interest to physiologists is the respir- 
atory dead space. The respiratory dead space is 
composed of all portions of the respiratory tract 
which are ventilated but do not participate in gas 
exchange with pulmonary capillary blood. For 
obvious anatomical reasons, the giraffe is required 
to ventilate a relatively large dead space. The prob- 
lem of a large dead space is not unique to the giraffe. 
Human subjects with severe obstructive emphysema 
likewise have the problem of ventilating a large 
respiratory dead space. Unlike the giraffe, the 
increased dead space of emphysema is not a single 
anatomical entity. Rather, it consists of those 
portions of the lung which are relatively poorly 
perfused with blood for the amount of ventilation 
they receive. 

Recently, the formalin-fixed trachea and lungs of 
a giraffe became available to us for study. It seemed 
of interest to make pertinent measurements of the 
volume of these organs to gain some insight into the 
mechanisms by which the giraffe solves the problem 
of a large respiratory dead space. Comparisons could 
be made with similar measurements in normal humans 
and patients with emphysema. 


* Present address: University of Pittsburgh Medical School, 


Department of Medicine, Pittsburgh 13, Penna. 


(a) Case-history (Hi Hat). The subject was a post- 
partum giraffe, gravida 1, para 1, which, until death, 
had lived at the Royal Oak Zoo. She had given 
birth to a giraffe, but shortly after birth the youngstér 
died. Following the death of her calf, the subject 
became depressed and anorectic. Three weeks after 
the calf’s death the subject died. (The general con- 
sensus of opinion was that Hi Hat died of a broken 
heart ; gross and microscopic examination failed to 
confirm this.) 

(6) Dead space volume. The tracheal volume of the 
giraffe was estimated by assuming the trachea was a 
cylinder. The total length and the mean radius were 
obtained by direct measurements. The volume was 
calculated by means of the standard formula for the 
volume of a cylinder, namely, V = xr*l, where V is 
tracheal volume in ml., r is mean radius in cm., and 
l is length in em. 

Because the total anatomical dead space includes 
not only the trachea but also the pharynx, bronchi 
and bronchioles, the volume obtained in this manner 
undoubtedly under-estimates the true respiratory 
dead space of the giraffe. However, the major com- 
ponent of giraffe dead space is made up of trachea, 
and this volume may be accepted as an approximation 
to the actual volume of dead space. 

(c) Total lung capacity. The total lung capacity 
was estimated as follows. The specific gravity of 
lung tissue throughout the mammalian kingdom 
appears to be essentially the same. For this reason, 
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Table 1. A COMPARISON OF DEAD SPACE VOLUMES ; LUNG WEIGHTS; 

TOTAL LUNG CAPACITIES; AND THE RATIO OF DEAD Space/TOTAL 

LUNG CAPACITY IN A GIRAFFE, A Cow, A NORMAL HUMAN, AND A 
PATIENT WITH OBSTRUCTIVE EMPHYSEMA 


Formalin- Ratio of 


| 


Dead fixed Total dead | 
space | weight lung space io | 
vol. ml. of lung capacity | total luag 
BTPS | (gm.) I capacity | 
Giraffe 1,600* 6,260 47 0°34 
Cow 380T 2,760 21 0-18 
Normal adult 
human 175 800 6 0-29 
Patient with 
obstructive 
emphysema 350t 10 0°35 


* Tracheal dead space only. 

+ Marked under-estimate of total dead space since this figure does 
not include pharyngeal dead space. 

t Physiological and not anatomical dead space. 


a ratio of lung weights is therefore equal to a ratio 
of lung volumes (assuming no major differences in 
the elastic properties of the lung). 

Adult human lungs were obtained at post-mortem 
examination. They were fixed in formalin and then 
weighed. The ratio of the weight of formalin-fixed 
giraffe lung to the weight of formalin-fixed normal 
human lung was then obtained. Six litres is an 
acceptable value of total lung capacity in the normal 
adult human. By the use of a simple formula, the 
total lung capacity of the giraffe could be estimated : 


Weight of giraffe lung 


Total Jung capacity 
Weight of human lung 


of giraffe (litres) 


(d) Subjects for comparison. Because of the greater 
mass of the giraffe as compared with man, it is 
difficult to make direct comparisons of the relative 
magnitude of dead space to total lung capacity in 
the two species. For this reason, it seemed important 
to make similar measurements on the trachea and 
total lung capacity of the cow. (From the point of 
view of comparative physiology, a cow may be 
regarded as a giraffe with a short neck.) The trachea 
and lungs of a cow were obtained and processed in 
the same manner that the organs of the giraffe had 
been. 

Values were obtained from a normal human male 
at post-mortem ; and by direct measurement using 
standard methods! in a patient with severe obstruc- 
tive emphysema. 

(e) Gross and histological studies. Gross examina- 
tion and dissection were carried out in the usual 
fashion. Sections were taken from the hilar area and 
peripheral portions of each lobe. These sections were 
stained with hematoxylin and eosin, and with the 
Verhoeff—Van Gieson elastic tissue stain. 

The results relevant to dead space volume, lung 
weights and total lung capacity are shown in Table 1. 
The volume of the dead space in the giraffe is 1,600 ml. 
This value is approximately nine times greater than 
the corresponding figure in normal man and approx- 
imately 4-5 times greater than the corresponding 
figure in the subject with obstructive emphysema. 

The large dead space in the giraffe is balanced to 
some extent by the increase in total lung capacity, 
which is approximately eight times as large as the 
corresponding figure in normal man. The large total 
lung capacity of the giraffe does not appear to be 
simply a function of the size of the giraffe, since the 
total lung capacity of the giraffe is more than twice 
that of the cow, an animal which is roughly com- 
parable in its size and organization. 
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Gross examination of the lungs of the giraffe in 
this study revealed no significant parenchymal, bron- 
chial or vascular lesions. Microscopically, the alveolar 
structure of giraffe lung resembled that seen in normal 
human lung, except that the alveolar walls were 
thicker and the elastic fibres coarser. There were 
small foci of fibrosis, some with infiltration of mono- 
nuclear cells. Some of the bronchioles contained 
clusters of mononuclear cells, suggesting a recent 
inflammatory process. There was no obliteration of 
pulmonary vascular bed, nor was there obvious 
alteration in the individual pulmonary vessels. As 
compared with normal human lung, elastic tissue 
seemed to be increased in amount. This increase was 
most conspicuous in the pleura and in the submucosa 
of bronchi (see Figs. la and 1b). In the pleura, the 
elastic fibres were closely intermeshed in a thick, 
carpet-like fashion. For comparison, the microscopic 
appearance of lung from a patient dying with 
advanced obstructive emphysema is shown in Fig. 2 
(PBBH A56-232). The pattern of elastic fibres here 
shows less density than that seen in the pleura of 
the normal human lung, in addition to a reduction of 
elastic fibres in the alveolar walls. 

The giraffe apparently uses at least two mechanisms 
for the maintenance of adequate alveolar ventilation. 
One mechanism relates to the rate of ventilation. 
Observations of giraffes while standing quietly reveal 





Fig. 1a. Giraffe lung with pleura and adjacent alveoli. The upper 
half of the field is occupied by the pleura with its dense meshwork 
of coarse elastic fibres (elastic tissue stain; x 230) 


* , _ 





Fig. 1b. Giraffe lung. Bronchus with abundance of elastic fibres 
in the submucosa and deeper in the wall (elastic fibre stain; x 65) 
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Equation (3) describes the form of the asymptotic 
vield—plant population curve. In it the value A has 
been termed the ‘apparent’ maximum yield attain- 
able by the isolated individual plant in the particular 
environment, because it was obtained by extra- 
polating the 1/Y >: regression line to the ordinate. As 
such, A will be greater than the true maximum yield 
A’. The latter will apply up to some plant population 
n, at which plant competition for environment 
resources just commences. The reduction of yield 
per plant will thus operate over the remaining plant 
population m = (x n) (Fig. 2). The response curve 
formula may now be re-stated in terms of the true 
maximum yield per plant A 


l 
Ya (A’n A’m) i 7 Ji (4) 


1 
lL + A’bm 


Equation (4) is fundamentally more satisfactory 
than equation (3). Since n and m are terms which 
would change with increases in the size of A’ through 
the growing season and hence will be difficult to 
determine experimentally, equation (3) will probably 
be of greater utility. This will also mean that the 
change of slope in the Yp or 1/Yp curve in Fig. 2 
will be more gradual than is shown. It can be shown, 
however, that 


Ya = i's 
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454 =b (x — m) = bn (5) 
AA 

Thus, » may be determined if in any plant 
population experiment a treatment is included where 
plants are grown completely free from competition 
so that A’ may be determined experimentally. 

The value 1/(1 + Ab) in the simpler or 1/(1 + A’bm) 
in the more complex equation may be appropriately 
termed the ‘competition function’, since it shows th« 
way in which Yp decreases with increasing com 
petition for the finite environment resources availabl 
per unit area. 

It is considered that the equations established 
above will have several uses in agronomic work. 
Inter-plant competition within a growing crop repre 
sents a relatively simple ecological situation. The 
treatment given above may, nevertheless, represent 
a first stage towards studying more complex situa 
tions where two or more species are in competitior 
for environment resources. 

Acknowledgment is made to Dr. B. L. Welch. 
reader in statistics, University of Leeds, for help an 
advice in the latter part of this article. 


* Engledow, F. L., J. Agric. Sci., 18, 1 (1928). 

* Hudson, H. G., J. Agric. Sci., 31 (1941). 

* Holliday, R., Agric. Progress, 27, Pt. 2 (1953). 

* Thompson, W., thesis for M.Sc. degree, Leeds (1956). 
* Donald, C. M., Aust. J. Agric. Res., 2 (1951); 5 (1954) 


SPACE OF THE GIRAFFE 
Dr. JOSEPH M. CORSON and 


Pror. GUSTAVE J. DAMMIN 


Departments of Medicine and Pathology, Harvard Medica! School, and the Medical Clinics and 
Department of Pathology of the Peter Bent Brigham Hospital, Boston, Massachusetts 


a physiologist has always been fascinated by 
the problems inherent in the regulation of cir- 
ulation and respiration of the giraffe, in which the 
brain and thorax are so widely separated. 

One area of interest to physiologists is the respir 
atory dead space. ‘The respiratory dead space is 
composed of all portions of the respiratory tract 
which are ventilated but do not participate in gas 
exchange with pulmonary capillary blood. For 
obvious anatomical reasons, the giraffe is required 
to ventilate a relatively large dead space. The prob- 
lem of a large dead space is not unique to the giraffe. 
Human subjects with severe obstructive emphysema 
likewise have the problem of ventilating a large 
respiratory dead space Unlike the giraffe, the 
increased dead space of emphysema is not a single 
snatomical entity Rather, it consists of those 
portions of the lung which are relatively poorly 
perfused with blood for the amount of ventilation 
they receive. 

Recently, the formalin-fixed trachea and lungs of 
a giraffe became available to us for study. It seemed 
of interest to make pertinent measurements of the 

ume of these organs to gain some insight into the 
mechanisms by which the giraffe solves the problem 
ta large respiratory dead space Comparisons could 
nade with similar measurements in normal humans 


be 


and patients with emphysema. 


* Present address University of Pittsburgh Medical School, 
Department of Medicine, Pittsburgh 13, Penna. 


a) Case-history (Hi Hat). The subject was a post 
partum giraffe, gravida 1, para 1, which, until death, 
had lived at the Royal Oak Zoo. She had giver 
birth to a giraffe, but shortly after birth the youngster 
died. Following the death of her calf, the subject 
became depressed and anorectic. Three weeks afte: 
the calf’s death the subject died. (The general con 
sensus of opinion was that Hi Hat died of a broker 
heart ; gross and microscopic examination failed t 
confirm this.) 

(6) Dead space volume. The tracheal volume of th: 
giraffe was estimated by assuming the trachea was a 
cylinder. The total length and the mean radius wer: 
obtained by direct measurements. The volume was 
calculated by means of the standard formula for th« 
volume of a cylinder, namely, V = rr*l, where V is 
tracheal volume in ml., r is mean radius in em., and 
l is length in cm. 

Because the total anatomical dead space includ 
not only the trachea but also the pharynx, bronchi 
and bronchioles, the volume obtained in this manne! 
undoubtedly under-estimates the true respiratory 
dead space of the giraffe. However, the major con 
ponent of giraffe dead space is made up of trache: 
and this volume may be accepted as an approximation 
to the actual volume of dead space. 

(c) Total lung capacity. The tetal lung capacity 
was estimated as follows. The specific gravity o! 
lung tissue throughout the mammalian kingdo: 
appears to be essentially the same. For this reasor 
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Table 1. A COMPARISON OF DEAD SPACE VOLUMES; LUNG WEIGHTS; 

TOTAL LUNG CAPACITIES; AND THE RATIO OF DEAD Space/TOTAL 

LUNG CAPACITY IN A GIRAFFE, A Cow, A NORMAL HUMAN, AND A 
PATIENT WITH OBSTRUCTIVE EMPHYSEMA 


| Formalin- Ratio of | 


Dead fixed Total dead | 
space weight lung space vo 
vol. ml, of lung capacity | total lung 
BTPS (gm.) L. capacity 
| Giraffe 1,600* | 6,260 47 0-34 
Cow 380t | 2,760 21 0-18 
Normal adult 
human 175 800 6 0-29 
Patient with 
obstructive 
emphysema 350t 10 0-35 


* Tracheal dead space only. 

+ Marked under-estimate of total dead space since this figure does 
not include pharyngeal dead space. 

¢ Physiological and not anatomical dead space. 


a ratio of lung weights is therefore equal to a ratio 
of lung volumes (assuming no major differences in 
the elastic properties of the lung). 

Adult human lungs were obtained at post-mortem 
examination. They were fixed in formalin and then 
weighed. The ratio of the weight of formalin-fixed 
giraffe lung to the weight of formalin-fixed normal 
human lung was then obtained. Six litres is an 
acceptable value of total lung capacity in the normal 
adult human. By the use of a simple formula, the 
total lung capacity of the giraffe could be estimated : 


Total lung capacity 


Weight of giraffe lung 6 
of giraffe (litres) 


Weight of human lung 


(d) Subjects for comparison. Because of the greater 
mass of the giraffe as compared with man, it is 
difficult to make direct comparisons of the relative 
magnitude of dead space to total lung capacity in 
the two species. For this reason, it seemed important 
to make similar measurements on the trachea and 
total lung capacity of the cow. (From the point of 
view of comparative physiology, a cow may be 
regarded as a giraffe with a short neck.) The trachea 
and lungs of a cow were obtained and processed in 
the same manner that the organs of the giraffe had 
been. 

Values were obtained from a normal human male 
at post-mortem ; and by direct measurement using 
standard methods! in a patient with severe obstruc- 
tive emphysema. 

(e) Gross and histological studies. Gross examina- 
tion and dissection were carried out in the usual 
fashion. Sections were taken from the hilar area and 
peripheral portions of each lobe. These sections were 
stained with hematoxylin and eosin, and with the 
Verhoeff—Van Gieson elastic tissue stain. 

The results relevant to dead space volume, lung 
weights and total lung capacity are shown in Table 1. 
The volume of the dead space in the giraffe is 1,600 ml. 
This value is approximately nine times greater than 
the corresponding figure in normal man and approx- 
mately 4°5 times greater than the corresponding 
figure in the subject with obstructive emphysema. 

The large dead space in the giraffe is balanced to 
some extent by the increase in total lung capacity, 
which is approximately eight times as large as the 
corresponding figure in normal man. The large total 
lung capacity of the giraffe does not appear to be 
simply a function of the size of the giraffe, since the 
total lung capacity of the giraffe is more than twice 
that of the cow, an animal which is roughly com 
parable in its size and organization. 
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Gross examination of the lungs of the giraffe in 
this study revealed no significant parenchymal, bron- 
chial or vascular lesions. Microscopically, the alveolar 
structure of giraffe lung resembled that seen in normal 
human lung, except that the alveolar walls were 
thicker and the elastic fibres coarser. There were 
small foci of fibrosis, some with infiltration of mono- 
nuclear cells. Some of the bronchioles contained 
clusters of mononuclear cells, suggesting a recent 
inflammatory process. There was no obliteration of 
pulmonary vascular bed, nor was there obvious 
alteration in the individual pulmonary vessels. As 
compared with normal human lung, elastic tissue 
seemed to be increased in amount. This increase was 
most conspicuous in the pleura and in the submucosa 
of bronchi (see Figs. la and 1b). In the pleura, the 
elastic fibres were closely intermeshed in a thick, 
carpet-like fashion. For comparison, the microscopic 
appearance of lung from a patient dying with 
advanced obstructive emphysema is shown in Fig. 2 
(PBBH A56-232). The pattern of elastic fibres heré 
shows less density than that seen in the pleura of 
the normal human lung, in addition to a reduction of 
elastic fibres in the alveolar walls. 

The giraffe apparently uses at least two mechanisms 
for the maintenance of adequate alveolar ventilation. 
One mechanism relates to the rate of ventilation. 
Observations of giraffes while standing quietly reveal 





Fig. 1a. Giraffe lung with pleura and adjacent alveoli. The upp 
halt of the field is occupied by the pleura with its dense meshwork 


of coarse elastic fibres (elastic tissue stain: x 230 


= — 
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Fig. 1). Giraffe lung. Bronchus with abundance of elastic fibres 
in the submucosa and deeper in the wall (elastic fibre stain; x 65) 
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Fig. 2. Human lung with emphysema. Note magnification is 

same as in Fig. la. The pleura, at top of field, has elastic fibres 

n an attenuated pattern, and the adjacent alveolus is abnormally 
dilated (elastic tissue stain; x 230) 


that the average respiratory rate is 8-10 breaths 
per min. (personal and unpublished observation of 
E. D. R. made at the Bronx Zoo). For a given 
minute—volume, a slow respiratory-rate tends to 
increase alveolar ventilation, since it reduces the 
number of times per min. the dead space must be 
filled with air?. The second mechanism relates to the 
large lung capacity of this animal. It would seem 
that even considering its mass, the total lung capacity 
of the giraffe is disproportionately large. In these 
circumstances, the ventilation of a large dead space 
could easily be attained. 

However, it should be emphasized that a large 
total lung capacity is not, by itself, adequate to 
ensure an effective volume of ventilation. The 
patient with obstructive emphysema may have an 
increased total lung capacity and still suffer from 
severe pulmonary insufficiency. The increase in total 
lung capacity in emphysema is chiefly brought about 
by an increase in the residual volume of the lung. 
This increase cannot be used to provide additional 
ventilation as needed. The increase in the total lung 
capacity of the giraffe is presumably an increase in 
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inspiratory and expiratory capacity, and thus can 

serve to supply additional volumes of ventilation as 

needed. 

This fact may be documented in another way. For 
the purpose of adequate ventilation, the lung volumes 
must not only be adequate in amount, but also 
the lung tissue must be functionally and structurally 
sound. The histological appearance of giraffe lung as 
shown in Fig. la shows an apparently normal, but 
by comparison with man, a very thick pleura with 
an abundance of heavy elastic fibres. Fig. 1b shows 
not only a heavy meshwork of elastic fibres in the 
deeper portion of the bronchial wall, but also a 
similar abundance of elastic fibres in the submucosa. 
Such a lung would seem to be admirably suited for 
the extra work that might be required to ventilate a 
large dead space. In the emphysematous patient 
(see Fig. 2), the elastic fibre pattern is attenuated 
and lacking in continuity. 

The adequate size of the giraffe lung may also be 
illustrated by considering the ratio between total 
lung capacity and tidal volume in the two species. 
Patterson and Warren* have reported that the 
resting tidal volume of the giraffe is approximately 
4 litres/breath. Normal man has a resting tidal 
volume of approximately 0-6 litre. Therefore, both 
men and giraffes use approximately one-tenth to 
one-twelfth of their total lung capacity under basal 
conditions for the maintenance of adequate ventila- 
tion. 

We are grateful to the Director of the Royal Oak 
Zoo, Royal Oak, Michigan, for making the trachea 
and lungs of Hi Hat available for study, and for 
supplying the details of the clinical history. 

This investigation was supported in part by 
research grants (H-2243, H-1771) from the Nationa! 
Heart Institute of the National Institutes of Health, 
Public Health Service, and in part from the Massa- 
chusetts Heart Association. 

*Comroe, J. H., Forster, II, R. E., DuBois, A. B., Briscoe, W. A. 
and Carlsen, E., “The Lung” (Year Book Publishers, Inc., 
Chicago, 1955). 

* Burwell, C. S., Robin, E. D., Whaley, R. D., and Bickelmann, A. G., 
Amer. J. Med., 21, 811 (1956). 


* Patterson, jun., J. L., Warren, J. V., Doyle, J. T., Gauer, O., Keen, 
T., and Goetz, R. H., J. Clin. Invest., 36, 919 (1957). 


PROTON MAGNETIC RESONANCE IN A SERIES OF DIMETHYL 
SILOXANE POLYMERS. A SPECIFIC LONG-CHAIN EFFECT? 


By Dr. J. G. POWLES and A. HARTLAND 
Physics Department, Queen Mary College (University of London), Mile End Road, London, E,| 


E have measured the proton magnetic resonance 
effects in a series of dimethyl siloxane polymers 
f(CH,),SiO[{(CH,),SiO},Si(CH,),} of various mole- 
cular weights, and these results will be discussed in 
greater detail elsewhere’. We feel that the results 
are of sufficient interest to justify a brief preliminary 
report, and we shall refer mainly to the measurements 
on one polymer, a silicone grease (Midland Silicones, 
VS 200, viscosity 10* centistokes at 25° C., n ~ 2,200). 
We have measured the longitudinal and transverse 
decay of proton magnetization by transient methods?.* 
using equipment described elsewhere‘. The resonant 
frequency, vy, was 21-5 Mc./s. The longitudinal decay 


was always exponential within experimental error, 
and so we give in Fig. 1 the decay constant, 7';. The 
transverse decay was exponential in the temperature- 


range below approximately — 42° C. (but see below) 
and is represented by a decay constant, 7',, in Fig. 1. 
Above — 42° C. the decay of transverse magnetiza 


tion was non-exponential, but it was found it could 
be represented by a decay of the form h = h, exp. 
(— t/T'2;) + h, exp (— t/T'22) with the values of 7’,,, 
Tx, and h,/(h, + h,) as shown in the graph. In 
presenting the results in this way, we do not wish to 
imply necessarily that there are two distinct proton 
signals. : 
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Fig. 1. Proton magnetic resonance relaxation times as a function 
of temperature for a dimethy! siloxane polymer grease character- 
ized by a viscosity of 10* centistokes at 25° C. 


The measurements of broad lines were made by Mr. 
J. A. E. Kail by conventional methods using appar- 
atus which has been described elsewhere® and after- 
wards improved. We give in Fig. 1 the 7’, values for 
the grease indicated as 7',(8H) obtained from the 


9 
line-width, 8H, by the formula 7’, = —5 y8H. The 
Vv « 


measurements of broad lines show interesting features, 
including evidence of crystallinity (approximately 
90 per cent at — 90° C.) and of methyl group re- 
orientation even at very low temperatures, and they 
will be discussed in detail elsewhere’. They are similar 
in outline to those reported for a dimethyl] siloxane 
rubber*. It is probable, therefore, that the transient 
measurements below — 42° C. have failed to reveal 
the signal from the crystalline phase. 

\ rather shallow minimum of 7’, of 9 10-? sec. is 
observed at — 77° C., and on general grounds’ it is 
reasonable to deduce that the relevant correlation 
frequency, ve, for motion of the protons is given 
approximately by v« 4/2.vr = 3 10’ c./s. at this 
temperature. However, we note that the ratio 
T,/T, at the minimum of 7, is 1,300, whereas 
according to theory’, it should be approximately 2. 
This is an even larger discrepancy than was found 
in polyisobutylene®, where (7',/T'.)min 7, was 100 and 
contrasts with the theoretical value being found in 
materials containing smaller molecules'®"". This 
large ratio may be explained as due to a distribution 
of correlation frequencies or by the effect of multiple 
interactions which may affect 7’, and 7’, differently 
at the same temperature. If it is assumed to be due 
to a distribution of correlation frequencies of uniform 
intensity on a logarithmic scale in the range vg/b to 
bvg!®, then vg = 3 x 10’ c./s. and 6 = 1,300, which 
is a rather wide and unlikely distribution. The actual 
value of 7’; min and the variation of 7', with tem- 
perature will be discussed elsewhere’. 
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Some motional information can also be obtained 
from the variation of 7’, near its ‘rigid lattice’ value 


: . — 2 
using a formula of the type’ (7.,/7'.)? = —tan" 


(1/4/3 .xvcT',), and so we deduce that ve (or possibly 
vq) is of the order 3 10* c./s. at about — 110° C., 
both for the amorphous and crystalline regions. The 
behaviour is evidently complex. 

It would now be of interest to compare these values 
with the values of correlation frequency for dielectric 
loss (motion of the SiO bonds). The only measure- 
ments available to us which might be relevant’? are 
not on exactly the same material, but on a silicone 
grease designated MS4 (a dimethy] siloxane polymer 
of viscosity 500 cs. containing 12 per cent ‘Aerosil’ 
and traces of boron compounds; the latter should 
not affect the results appreciably), in which the 
dielectric correlation frequency is 4 x 10* c./s. at 

- 110° C. The agreement with the frequencies pre- 
dicted from nuclear resonance is not impressive, but 
the behaviour with temperature is similar. Measure- 
ments on the identical material are desirable. We 
note in passing that the dielectric measurements show 
only a smal] distribution of correlation frequencies, 
if any (Reddish, W., private communication), so that 
it is unlikely that a broad continuous distribution 
exists at the higher temperature for the principal 
motion and so this explanation of (7',/T)min 7, is 
less favoured than a multiple interaction explanation 
if the dielectric results are relevant. 

Further information in this region is obtainable 
from measurement of shear stress relaxation. The 
only data we have been able to find is on a dimethyl 
siloxane rubber (polymer cross-linked with 2-5 per 
cent dibenzylperoxide, no filler) which shows a peak 
at — 110° C. for a few tens of cycles per sec. (Wolf, 
K., private communication). The meaning of this 
measurement may be obscured by crystallization 
processes occurring as the temperature varied. 
Another change in mechanical properties near — 42° 
C. is evidently related to the ‘melting’ and is not 
directly a relaxation effect. The interpretation of 
the measurements in this temperature-range is com- 
plicated by the occurrence of the two phases?. 

At a temperature in the region of — 42° C. the 
character of the transverse decay changes dramatic- 
ally, but there is no effect at all discernible on 7’. 
The change-over occurs within a few degrees and is 
more reminiscent of a first-order phase-change than 
the behaviour near a glass transition. The change, 
therefore, corresponds closely to the melting point in 
materials of low molecular weight'!!*. It seems likely 
that crystallization sets in at this temperature but 
not above (Holmes, D. R., private communication). 
The transverse decay is not far from exponential just 
above — 42° C. and is again not far from exponential 
at the highest temperature (270° C.), with a uniform 
change-over from the shorter to the longer 7’, value. 
Even so, 7’, is very much less than 7’, at the highest 
temperature attained, and there is no sign they are 
approaching in value, as expected from theory’, 
and which is, in fact, observed in the lower molecular 
weight polymers', so that a slow interaction still 
exists. We were unable to get to higher temperatures 
owing to decomposition of the material. We have 
also measured the shapes of lines directly, around the 
transition region, with similar results (we are grateful 
to Mr. D. J. Neale for making these measurements). 
Dielectric loss measurements on rather lower mole- 
cular weight polymers with n = 0-365 (ref. 13) in 
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the temperature-range + 150° C. to — 35° C. show 
a loss peak at 2-5 10'* ¢./s. which is reported to 
be independent of temperature and molecular weight. 
This presumably means that, for the present grease, 
the absorption is in the region of 10'° c./s. and varies 
only slowly with temperature. Evidently more 
dielectric measurements are desirable, particularly in 
the region of the transition temperature. Some 
preliminary measurements of shear stress relaxation 
at 30° C. (ref. 14) also suggest a ve of order 10" c./s. 
in this temperature region, and in addition a much 
lower frequency process. The possibility of two 
processes, one with ve > vy and one with ve < v, at 
30° C., is in aceord with the interpretation of the 
nuclear resonance measurements given below. 
Non-exponential decay of transverse magnetization 
has been observed also in polyisobutylene® and in 
polyethylene" under similar conditions. It has been 
suggested that the two T's in polyethylene cor- 
respond to two signals from protons in different 
‘phases’. We find this difficult to understand, par- 
ticularly in polyisobutylene and in silicone polymers 
at these temperatures. The silicone grease shows no 
evidence of crystallinity above 42° C. (Holmes, 
D. R., private communication), and polyisobutylene 


only crystallizes on stretching. The probability of 


two distinct phases at higher temperatures, even in 
polyethylenes, seems rather small. Moreover, we 
have been unable to find multiple 7',’s in this region 
as expected for more than one phase, although it 
must be admitted that 7’, values are less sensitive 
than 7’, values and so multiplicity may not have 
been resolved. Further, we have found transverse 
decay requiring to be represented by at least three 
exponential terms in a dimethyl siloxane polymer 
gum together with an inexplicable dependence 
upon temperature’. For these reasons, we prefer to 
regard the absorption line above — 42° C. as a single 
line with structure, which arises because it is con- 
trolled by a weak but slow (that is, ve < vy) nuclear 
dipole interaction. This ‘narrow broad’ line is only 
observed when the principal interaction within the 
methyl groups and between nearby methyl groups 
has been substantially motionally averaged. 

We suggest tentatively that the interaction in 
question is that between chains, as has already been 
suggested for polyisobutylene®, and that it may be 
characteristic of long-chain compounds. 

Our measurements (Fig. 2) suggest that the effect 
appears in dimethyl siloxane polymers of chain- 
length between approximately 700 and 1,700 atoms'. 
T, and T, at 25° C. as a function of viscosity at 
25° C. are shown in Fig. 2 and there is clearly a 
change in character at a value of viscosity of about 
3,000 es., that is, a chain-length of about 1,000 atoms. 
This change is not explicable by viscosity change 
alone, since the same result is obtained over a wide 
temperature-range. A somewhat similar situation 
exists in the polyethylenes'* in the temperature-range 
120—-200° C., where multiple T,’s appear at a mole- 
cular weight between 5,800 and 9,600, that is. for 
chain-lengths between 410 and 680 atoms. It is 
interesting to speculate whether the present results 
are connected with the viscosity anomaly at approx- 
imately 1,000 chain atoms which is observed in the 
dimethyl siloxane polymers'* and which is thought 
to be connected with chain entanglement'’ (we are 
indebted to Dr. E. R. Howells for this suggestion). 
It is not known whether molten polyethylenes show 
@ similar effect. However, it is not clear how chain 
entanglements, as such, explain the present results ; 
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VISCOSITY IN cs. AT 25°C. 


Fig. 2. Proton resonance relaxation times at 25° C. for a series 

of dimethyl] siloxane polymers as a function of molecular weight 

which is characterized by the flow viscosity at 25° C. Note the 

abrupt change in character of 7’, in the region of 3,000 centistokes, 

which corresponds to a chain-length of approximately 1,000 atoms. 
7, also shows an anomaly 


they are at first sight more suitable to a ‘two-phase’ 
interpretation, though not with the observed relative 
intensities. The appearance of the nuclear resonance 
anomaly at a similar chain-length may be because 
the entanglements affect the motion of all parts of 
the chains. On the other hand, it may be that the 
parameters simply become favourable for it at about 
that chain-length. It will be of interest to search for 
a similar effect in other polymers in which the tem- 
perature can be raised sufficiently without degrada 
tion. 

The marked change in slope of the 7 ,-temperatur: 
curve at 90° C. corresponds to no discontinuity in 
the nature of the transverse relaxation, nor indeed 
have we been able to find any other physical quantity 
having an anomaly at this temperature. 

We wish to thank Dr. E. R. Howells (Imperial! 
Chemical Industries, Plastics Division) for many 
helpful discussions and for pointing out the possible 
relevance of chain entanglement. We also thank Dr. 
D. R. Holmes for making calorimetric and X-ray 
tests, Mr. W Reddish for supplying unpublished 
dielectric measurements, and Dr. K. Wolf (B.A.8.F., 
Ludwigshafen) for showing us some unpublished 
mechanical measurements. 
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LETTERS TO THE EDITORS 


PHYSICS 


Action of Graphite as a Lubricant 

Tue lubricating properties of graphite have con- 
siderable practical importance and scientific interest. 
The explanation often quoted for the mechanism is 
based on the assumption that the loosely bound 
graphite layers slide easily over each other like a pack 
of cards when graphite is used as a lubricant between 
moving surfaces'. In this communication we report 
briefly on experiments which indicate that a hitherto 
inconsidered mechanism might be important. Fig. 3. Schematic illustration of rollers 

Samples of graphite were prepared for examination 
by electron microscopy by rubbing a grid on a block 
of graphite of reactor grade or by dusting peened 
powder or powder rubbed between glass plates on a 
grid. Photographs were taken using Philips EM 100 
or Siemens Elmiskop I microscopes. ig 

In every case, the picture showed a rolling up of sd 
sheets of graphite in regions thin enough to be 
observed by transmission. The sheets formed plain 
or spiralled rolls of external diameter of 0-1—lu. 
Figs. 1 and 2 show typical pictures. On examination, 
the dark broad lines are seen to be foils which have 
peeled off from the rest ; this is illustrated schematic- 
ally in Fig. 3. Fig. 4 is a photograph of one roll. 
The structure of these rolls is similar to that of e 




















Fig.4. Photograph showing structure ofa large roller. x 24,000 


graphite whiskers’, which are also composed of rolled- 
up sheets of layer planes. From our pictures, the 
thickness of the sheets may be estimated as of the 
order of 100 planes. 

We suggest that the lubricating properties of 
graphite are due essentially to the rolling up of 
packets of layers, which then act like roller bearings. 
Using a roller mechanism, it is possible to reconcile 
the experimental results of other workers*, which 
indicate that: (a) a relatively high friction co- 
efficient at room temperature is obtained if graphite 
is first outgassed at 800° C. in vacuo ; (b) the vapour 
of water, or ammonia, acetone, etc., must be present 
for good lubrication at room temperature, whereas in 
a vacuum or in the presence of a very dry gas the 
friction coefficient is high and wear is rapid ; (c) in 
dry helium at 600° C., wear is negligible. 

Given the roller mechanism, the influence of water 
vapour at room temperature may be understood as a 
loosening of the interlayer binding forces, first at the 
edges of crystals and later inside them. (The friction 
coefficient decreases over a considerable period of 
time if water vapour is admitted to a previously 
outgassed sample in vacuo.) At high temperatures in 
dry atmospheres, temperature-loosening might be 
sufficient. Although Tsuzuku* has observed the 
sliding of graphite planes in small single crystals, it is 
difficult to imagine the lubrication of graphite in 
terms of layers slipping over each other for large 
flakes and polycrystalline arrays. The conventional 
idea of layer lattice crystals slipping by shear appears 
Fig. 2. Parallel rollers near edge of a crystal. x 24,000 unlikely if compared with the roller mechanism in 





Fig. 1. Complex roller system. 15,000 
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which the layers are pulled apart by breaking success- 
ive bonds between them. An explanation of the 
lubrication in terms of gliding planes would involve 
the movement of a series of dislocations which would 
be stopped at grain boundaries or run out at the pores ; 
also such a mechanism would not be expected to show 
the observed sensitivity to the atmosphere, as dis- 
locations usually tend to be locked by foreign atoms. 
The roller mechanism would be expected to hold for 
other layer lattice crystals—we have also observed 
rollers in molybdenum disulphide. 


W. BoLLMANN 
J. SPREADBOROUGH 


Battelle Memorial Institute, 
Geneva. 
See, for example, Bowden, F. P., and Tabor, D., ““‘The Friction and 


Lubrication of Solids” (Clarendon Press, Oxford, 1950). 


Bacon, R., “Growth and Perfection of Crystals”, edit. by Doremus, 


Roberts and Turnbult (John Wiley, 1958). 

* Bowden, F. P., Young, J. E., and Rowe, G., Proc. Roy. Soe., A, 212, 
439 (1952). Savage, R. H., J. App. Phys., 19, 1 (1948). Carter, 
R. L., quoted by Hove, J. E., Trans, Met. Soc., Amer. Inst. 
Met. Eng., 212, 7 (1958). 
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Effect of Cathode Surface Roughness 
and Oxidation on Arc Movement 


Aw are established between two metal electrodes 
in the presence of a transverse magnetic field moves 
in a direction mutually perpendicular to the magnetic 
field lines and the axis of the are current. At atmo- 
spheric pressure movement is in the Amperian 
direction but at low pressure it is in the opposite 
or retrograde sense. 

Previous experiments',? have shown that for both 
Amperian and retrograde motion the seat of arc 
movement is at the cathode or in the cathode fall 
region (provided that the cathode spot moves in a 
regular manner and not by a series of jumps) and 
therefore it is to be expected that cathode conditions 
would markedly affect the arc velocity. The effect of 
different materials has already been reported’, but 
up to the present time there appears to be little 
conclusive evidence relating to the role of surface 
roughness or oxidation. 

Recent experiments, however, have indicated that 
the degree of surface roughness and oxidation of the 
cathode influences the arc velocity in a well-defined 
and reproducible manner. The effect of roughness is 
illustrated in Fig. 1, which shows the arc velocity as a 
function of time from arc initiation for two cathodes 
of the same material but which had been subjected to 
different surface treatments. Two identical cup- 
shaped brass electrodes were polished mechanically 
and one was then etched, yielding a surface which was 
distinctly rougher than that of the electrode, which 
had been polished only. The electrodes were used in 
turn as cathodes with a brass anode in a low-pressure 
test cell, and opposed coils were arranged to produce a 
transverse magnetic field across the electrode gap. 
An are was allowed to run on each cathode for three 
minutes in an atmosphere of nitrogen and the 
velocity was measured during this period. At the 
end of the time the appearance of the two cathode 
surfaces was identical. Whereas the initial arc 
velocities on the two electrodes were greatly different, 
the final values were almost identical, corresponding 
to the similarity in the final state of the two surfaces. 
The characteristic shape of the velocity—time curves 
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Fig. 1. Are velocity on etched and non-etched electrodes as 

function of time ¢ seconds from are initiation. Are current 2-2 

amp., magnetic flux density 0-015 Wb./m.*, nitrogen pressur 
25 mm. mercury. Inter-electrode gap 2-2 mm. 


is believed to be due to a progressive reduction of t} 
oxide layer on each electrode by the nitrogen gas 
filling of the test cell. 

The effect of cathode oxidation is shown in Fig 
Polished cylindrical brass electrodes were etched and 
then allowed to oxidize in dry air for various tim: 
before mounting in a low-pressure test cell, parall: 
to a polished brass anode. An are was initiated at 
one end of the electrode system and its movement 
along the electrodes under the influence of a tran 
verse magnetic field recorded photographically 
Before each arc run the breakdown voltage between 
the cathode and an auxiliary anode was measured 
at the Paschen minimum in order to give an indication 
of the effective work function of the cathode surfac: 
It is seen from Fig. 2 that for tests on electrodes 
oxidized for 40 min. or less the are velocity and the 
effective work function of the cathode are directly 
related, a decrease of the effective work function 
corresponding to an increase in the are velocity. For 
oxidation times exceeding 40 min. the simple relation 
is no longer valid, indicating that the effective work 
function under the conditions of the breakdown 
voltage tests was not the same as that operativ: 
during the are velocity measurements. This change 
in effective work function on relatively thick oxide 
layers may be explained by considering in detail the 
emission mechanisms for the two cases. 





Uniform are Velocity (im./sec,) 
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An explanation of the results of experiments on 
surface roughness and oxidation may be attempted 
with the aid of a simplified are model. The cathode 
‘spot’ is believed to consist of a number of emitting 
sites, electrons from which are accelerated through 
the fall region and ionize at the base of the arc 
column. The ions so formed drift to the cathode, but 
because of the transverse magnetic field they strike 
the cathode on the Amperian side of the spot. (For 
modification of this model to account for behaviour 
at low pressure where retrograde motion occurs, see 
ref. 4). This ion bombardment ahead of the existing 
cathode spot conditions suitable sites to take over the 
are current when the emission efficiency of the 
existing sites decreases. Thus are movement would 
occur by a series of micro-jumps of the individual 
sites and the magnitude of the are velocity should be a 
function of the ease of conditioning new sites, and of 
the rate of decay of emission efficiency of the existing 
sites. It should be pointed out that the mechanism of 
electron emission from a site at the instant of current 
transfer to it need not necessarily be the same as 
that when the site has become established. It is 
believed that the conditioning of new sites occurs 
by @ process of surface charging due to positive-ion 
bombardment, which lowers the effective work 
function, and that at the instant of current transfer 
a field emission process predominates. Thus a 
roughening of the cathode surface could lead to 
localized high-field regions due to asperities and the 
sites ahead of the existing spot should then require 
less conditioning. In addition, surface oxide layers 
which alter the effective work function will also 
control the emission. The rate of surface charging 
for various thicknesses of oxide layer cannot be 
explained simply, and to obtain a realistic picture it 
is necessary to consider the mode of electron transfer 
through a semiconductor oxide film with a surface 
charge of positive ions. It is then possible to explain 
the shape of the velocity and breakdown voltage 
curves shown in Fig. 2. 

Further experiments on stainless steel, copper and 
platinum, in air, nitrogen and hydrogen, for both 
Amperian and retrograde motion, have yielded con- 
siderable evidence in support of the mechanism of 
motion postulated. It is hoped to publish a far more 
detailed account of these investigations elsewhere. 

The considerable contribution of Dr. A. E. Guile 
to the earlier stages of this work, and his continued 
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Bulk Conductivity in Organic Crystals 


One of the basic problems in the study of bulk 
conductivity phenomena (dark- and photo-conduc- 
tivity) in organic crystals is the apparent energy 
deficit in the difference between the ionization 
energy of the molecule in the crystal and the energy 
supplied by the exciting radiation. An excellent 
review of this problem is given by Garrett’. All 
current efforts to resolve this difficulty have been 
concerned with the energy balances within the 
crystal, excluding the electrodes, with the goal of 
explaining how a charge separation is produced inside 
the crystal. 

There is, however, another mechanism for explain- 
ing the observed conductivity, and that is to assume 
that the carriers are produced at the electrodes. 
This process in organic crystals would be classified 
mainly as one of hole injection into the adjacent 
erystal from the electrode. The experimental basis 
for this picture has been given in a preceding 
paper?. 

In these experiments an anthracene crystal was 
provided with electrolyte electrodes. One electrode 
compartment was filled with 1 M sodium iodide 
solution saturated with iodine, while the other 
electrode compartment was filled with 1 M sodium 
iodide solution without iodine. The dark current 
which flowed when the iodine compartment was made 
electrically positive was 22 times that when the 
iodine compartment was negative 
and 80 times the dark current 
when neither compartment had 
any iodine. These results were 
explained by assuming that the 
iodine extracted an electron from 
the adjacent anthracene crystal, 
becoming an I- ion, thereby in- 
jecting a positive hole into the 
anthracene. 

The energy balance for the pro- 
cess of hole injection can be de- 
scribed as follows: I4 is the 
energy required to take an elec- 
tron out of solid anthracene, 
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e- in the gas. If, further, Wz is 
the energy required to remove an 
electron from the electrode and 
Ex the energy externally sup- 
plied (optically or thermally), we 
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have the following energy balance for the process of 
hole injection : 


We+Hx-Ia>0 (1) 


In the same way, one can describe the condition for 
electron injection into anthracene. If W is the energy 
freed when an electron is absorbed in anthracene, 
then the condition for electron injection is : 

Wa+Ex - Wg>0O (2) 
I4 is given in the literature’ as about 6 eV.; our 
estimate is between 5 and 6 eV. 

Applying equation (1) to the case of hole injection 
from an unilluminated I, electrode, Ey is small, 
of the order of thermal energy : Wg, is about 6-2 eV., 
calculated as follows : 


I(aq) > L(g) ~ WeV.! (3) 
I(g) + e-(g) > I(g) + 3-2 eV. (4) 
I-(g) > I(aq) + 3-0 eV. (5) 


I(aq) + e- + I-(aq) + 6-2eV.; We = 6-2eV. (6) 


The energy balance is seen to be favourable for the 
extraction of an electron from the anthracene, and 
the injection of a positive hole into the anthracene. 
At the opposite electrode, the process is the discharge 
of the positive hole, similar to the discharge of an 
ion at a metal electrode, probably producing free 
iodine. 

When external radiation is absorbed by I, (and 
also I,-), its dissociation into iodine atoms is greatly 
inereased* ; on the above basis, hole injection should 
also be increased, as is indeed the case*. Thus, when 
4360 A. radiation was used, the enhanced dissociation 
when the iodine electrode was at a positive potential 
increased the current by a factor of 16,000 over the 
dark current. 

This radiation does not excite the anthracene crystal 
and need not contribute directly to the electron 
extraction process. This process of hole injection 
can occur with any electrode, for which the energy 
balance is positive as indicated in equation (1). For 
example, the replacement of I, by Ce* solution 
produces a large increase in the dark current. 

The case where the external radiation is absorbed 
by anthracene in contact with salt solutions contain- 
ing no iodine produces hole injection in a similar way. 
It is assumed that when the exciting radiation is 
absorbed (3650 A.), excitons are produced. Most 
excitons are found near the illuminated electrode, 
frequently colliding with the electrode. During a 
collision, the injection of positive holes is possible if 
equation (1) is satisfied. 

The energy balance at the electrode in contact with 
the excited anthracene (A*) surface is : 


A*(s) + A(s) + Ex; Ex = 3-3 eV. (7) 


e-(g) + H,O(aq) + H,O-(aq) + We; 
We 3-8 eV. (8) 


If these values are placed in equation (1), using a 
value of 5-5 eV. for I4, there is an excess in energy 
of about 1-5 eV. for the injection of a positive hole 
into the anthracene. 

Step (8) involves the capture of an electron by a 
water molecule. The resulting ion is unstable and 
will dissociate, probably forming hydrogen and 
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hydroxyl. At the opposite electrode, the discharge 
of the positive hole is accomplished as at an ordinary 
electrode. 

.The major influence of the positive electrode on the 
bulk conductivity is further indicated by the com- 
parison of the electrode efficiencies of Cl and I 
solutions’. The replacement of Cl- by I- decreases 
the positive current flowing away from the adjacent 
anthracene surface by a factor of 13. This reduction 
clearly indicates that most of the current is produced 
at the electrode adjacent to the excited region of the 
crystal. 

Some conclusions may also be drawn about the 
nature of the current (¢—) which flows when the 
illuminated side of the crystal is at a negative poten- 
tial. The injection of negative carriers into the 
anthracene is probably also energetically feasible, 
but apparently this process is not probable (i— is 
small). This may be due to the low mobility of the 
electron in anthracene. Our results, moreover, lead to 
the conclusion that most of this negative current is 
actually due to the interaction of fluorescent light 
with the electrode—anthracene surface not directly 
illuminated by the incident light. This interaction 
produces positive holes which then flow to the 
negative electrode. 

This conclusion is based on the following observa 
tions: the magnitude of i— is markedly affected 
by the nature of the electrode distant from the light, 
and in the same way that the positive current is 
affected ; the 7— has almost the same dependence 
on the exciting light intensity as the positive current : 
both negative and positive currents are saturated at 
about the same voltage, although at greatly different 
currents. The latter result cannot be explained by 
assuming the formation of an internal space charge, 
since in this case an increase of the field would cause 
a large increase in the photocurrent ; this does not 
occur. 

The existence of a true negative current within 
the anthracene is, however, not excluded. Interna! 
polarization experiments by M. Silver* and M. Pops 
on polycrystalline layers and single crystals, respec- 
tively, of anthracene can best be explained by assum 
ing the existence of trapped negative charge withi' 
the crystal. No equivalent positive charge distribu 
tion was ever observed. These results, in conjunction 
with those on photoconductivity, show that the tru 
negative current carried by electrons exists but | 
exceedingly small. 

Most dark currents differ in behaviour from th: 
conductivity described in this communication. The) 
do not become saturated, as do the photocurrents and 
the dark currents with I, electrodes, and they als: 
do not depend on the nature of the electrode. 

For the normal dark current, the criterion fo: 
positive hole injection would be satisfied if th: 
difference between Wz and Ay can be supplied by 
thermal action. The extent to which this occurs is 
as yet unknown. 

These considerations do not exclude the possibilits 
of hole and electron production within the anthracen: 
itself by some process of charge separation. Internal 
polarization experiments indeed indicate that charges 
are also produced inside the crystal to some extent. 
However, the findings of this communication show 
that charge injection can easily occur and is frequent!) 
responsible for the large currents observed. Fm 
organic materials other than anthracene, calcula 
tions also show the possibility of hole injection 
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CRYSTALLOGRAPHY 
Growth of Single Crystals of Copper 


DURING experiments on the effects of alternating 
deformation on the hardening of single crystals of 
spectrographically pure copper’, difficulties were 
experienced in obtaining reproducible hardening 
behaviour under the same conditions of alternating 
straining from 2-cm. long specimens taken from 
opposite ends of longer crystals. A brief discussion 
of experiments made to investigate this disparity 
follows. 

The method of crystal growth described by Andrade 
and Roscoe’ did not yield a long coherent length of 
crystal, and growth experiments were therefore 
confined to a Bridgman-type apparatus* inclined 
about 25° from the vertical. Moulds were prepared 
from spectrographically pure graphite rod by drilling 
a 1-6-mm. diameter hole, which was then reamed 
to a slight taper (1 : 3,000) ; the reaming also pro- 
vided a smoother bore. Moulds were baked in vacuo 
before use. 

Crystals 25 cm. long could be readily grown using a 
rate of furnace travel of 3-8 cm./hr., but they were 
firmly stuck in the moulds at the lower end, due to 
impregnation of the graphite with copper to a depth 
of about 0-5 mm. Shorter crystals 14 cm. long were 
then grown, and these could be removed from the 
moulds by tapping. However, the yield stress and the 
initial rate of hardening of a specimen taken from the 
lower end of a crystal orientated for easy glide were 
both about three times larger than for a specimen 
from the top end; the yield stress for the upper 
specimen was usually about 27 gm./mm.?. 

The orientation difference between upper and lower 
specimens was not obviously greater than the error 
of orientation determination by the Laue method 
used*. Moreover, spectrographic analysis showed 
that there was no significant difference in analysis 
between the two ends of the crystal. 

Crystals 10 cm. long were then prepared, and were 
perfectly free in the moulds. Specimens taken from 
each end of a crystal gave yield stresses and hardening 
curves which agreed to within 10 per cent between 
themselves and with those of the upper specimens 
of 14 cm. crystals. Further reduction in crystal 


length did not improve this variability, which was 
attributed to minor variations in lineage structure 


(ef. Diehl). 
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The disparity in results obtained from longer 
crystals appears to be due to impregnation by molten 
copper of the porous graphite moulds, resulting in 
deformation during removal of crystals from the 
moulds. The extent of impregnation decreases as 
crystal length decreases, and becomes insignificant 
in crystals 10 cm. long or less. The effect of the 
accidental deformation on hardening behaviour is 
more apparent in alternating straining than in 
unidirectional testing, since the length of the easy 
glide region is greater and the rate of hardening is 
lower,®. 

This work was carried out at the Australian 
National University during secondment from the 
Aeronautical Research Laboratories, Department of 
Supply, Melbourne. Acknowledgment is made to the 
Chief Scientist, Department of Supply, for permission 
to publish this communication. 
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GEOPHYSICS 


Motion of Geomagnetic Field Lines 


Primary auroral particles, from the Van Allen 
radiation belt or interplanetary space, travel down to 
the upper atmosphere along lines of force of the geo- 
magnetic field. Hence they strike the atmosphere in 
regions which move with the field lines when these are 
distorted. The purpose of this communication is to 
show that this motion of the impact regions can only 
be very slow, because the high conductivity of the 
Earth’s interior limits the field distortion. This 
throws serious doubt on the hypothesis of Rees and 
Reid! that a diurnal motion of auroral hydrogen 
emission through many degrees of latitude may be 
explained by distortions of the Earth’s field. Rees and 
Reid’s theory considers particles from the radiation 
belt, the orbits of which drift in longitude. Using 
Alfvén’s perturbation method’, it may be shown 
that the drifting orbits of this model pass through 
the same magnetic field lines on each circuit of 
the Earth and so follow the motion of these 
lines. 

The distortion involved is the horizontal displace- 
ment of a force-line at auroral altitudes, say 100 km. 
For, however distorted the lines at greater heights, 
this is the displacement of the primary particles 
where they are observed. The Earth’s conductivity 
may be taken* as negligible to 700 km. depth, and 
as more than 10- e.m.u. below 800 km. For a period 
of one day, this latter conductivity gives a skin-depth 
of 150 km. Thus the displacement of the field lines 
may be approximated by that for an Earth non- 
conducting to about 900 km. depth, with an infinitely 
conducting core below. The lines are immobile in the 
core, and their displacement in the first 1,000 km. 
height above that is required. 
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To maximize the displacement, the magnetic 
disturbance field is assumed perpendicular to the 
average or undisturbed field. Consider first the case 
where the disturbance at all levels equals its value 
measured at the surface ; this implies a very extensive 
current source in the ionosphere. In this case it can 
be shown that the displacement of a field line, in the 
auroral zone, at 1,000 km. above the conducting core, 
is about 0-015 A km., where A is the disturbance in y 
(10-5 gauss) units. 

In the case of more localized ionospheric currents A 
increases with altitude, and the overall effect of this, 
for a given surface value of the disturbance, is 
to give a smaller displacement than that above. 
Consider an overhead cylindrical current causing the 
disturbance. Then A is (A/d), d being distance from 
the current and A a constant. Therefore, A is less 
than (A/h) where h is the vertical component of d. 
Taking A as (A/h) the desired displacement of a line 
in 1,000 km. height can readily be found, and it 
increases slowly as the current diameter is reduced. 
For a current of diameter greater than about 0-1 km. 
the calculated displacement is less than the 0-015 A 
km. found before. But for such small diameters, 
replacing (A/d) by (A/h) causes a gross overestimate 
of the displacement ; and furthermore, ionospheric 
currents have a much larger scale than 0-1 km. 
Adding the disturbance due to the induced current 
in the core does not alter this result. 

Thus the displacement of 0-015 A km. (A in y) is an 
upper limit to the movement of auroral phenomena 
due to field distortion. This distance is very small. 
It equals 50 km. (almost $° of latitude) only if A has 
the extreme value of 3,300y ; while if A is less than 
1,300y, as in most magnetic storms when the K index 
does not exceed 7, the displacement is less than 20 
km. Only by very slow changes, such as those with 
the period of the sunspot cycle, can the lines of force 
be moved through great distances at low altitudes. 

Observations of the radiation points of auroral 
coronz* show that the displacements of the field lines 
between the Earth’s surface and the aurore are well 
within the limits expected from the foregoing. 

This work is part of the research programme of the 
Dominion Physical Laboratory Auroral Station, of 
the New Zealand Department of Scientific and 
Industrial Research. 

C. J. LouGHNAN 


Dominion Physical Laboratory Auroral Station, 
Awarua Radio, Invercargill, 
New Zealand. 
Feb. 3. 
* Rees, M. H., and Reid, G. C., Nature, 184, 539 (1959). 
* Alfvén, H., “‘Cosmical Electrodynamics”, Chapter 2 (Oxford, 1950). 
: Labi, B. N., and Price, A. T., Phil. Trans. Roy. Soc., A, 287, 509 


* Abbott, W. N., Canad. J. Phys., 36, 643 (158). 


GEOCHEMISTRY 


High-pressure Phase Transformations in 
Laboratory Mechanical Mixers and 
Mortars 


THe mechanical action of simple laboratory 
grinders, mortars and similar devices has occasionally 
been used to assist in chemical reactions in addition 
to performing their primary physical functions. 
Among these chemical reactions are phase trans- 
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formations. ‘That the effect is due to some kind of 
@ pressure component in the mechanical action may 
appear obvious, but the magnitude of the pressures 
is not readily appreciated, nor can it be calculated or 
measured. However, in the course of work in this 
laboratory on the high-pressure polymorphism of 
lead dioxide (PbO,), the information that a phase 
identical with the new high-pressure polymorph, 
which had been shown to be stable only in the region 
above 10,000 bars, had been formed by simple 
grinding' was noted with no little surprise. The 
observation was promptly confirmed by grinding a 
small amount (2 gm.) of the common rutile form (I) 
of lead dioxide in a mechanical mortar and pestle 
combination of laboratory pattern. Grinding in air 
for a few hours converted an estimated one-third to 
the denser orthorhombic form (II). After preliminary 
work, it transpired that nothing new in principle had 
been added to some similar results which had been 
reported by Burns and Bredig? on the transformation 
of calcite to aragonite by grinding in a mortar. The 
high-pressure phase was formed from the low-pressure 
one, the amount of change was dependent on time, 
and subsequent heating would form the low-pressure 
phase. A significant difference is that phase equil- 
ibrium and thermochemical studies* place the 
calcite—aragonite transformation at about 3,000 bars 
at room temperature, which is considerably lower 
than the 10,000 bars necessary for the lead oxide 
=I1 transformation. 

The obvious question that arises is whether or not 
the high-pressure types are actually being formed in 
their field of stability, or whether the shearing stresses 
so dominant in such an environment either alter th 
relative free-energy relations of the two forms oi 
permit metastable nucleation of the high-pressur: 
phase. Therefore, other substances with known p-/ 
relationships between polymorphs (work in this 
laboratory, with L. Azzaria and W, B. White) were 
chosen for further study: MnF,, BeF,, SiO,, PbO 
Sb,0,, B,O, and BAsO,. Their transition pressures 
at room temperature (extrapolated from our equili 
brium data obtained at higher temperatures) are nea: 
9,500, 15,500, 13,500, 5,500, 10,000, 18,500 and 
30,000 bars respectively. It was found that grinding 
for several hours in the mortar assembly under air 
or nitrogen (where oxidation was a possibility) would 
produce varying amounts (as determined in ever 
case by X-ray diffraction) of the high-pressure phases 
of PbO, PbO,, CaCO,, MnF,, Sb,0O, and Bef, 
(questionable) in decreasing order. Also of new but 
related interest is our finding that the ‘quenchable’ 
transitions in calcium carbonate and lead dioxide 
and in many other selected phases could be effected 
(partially), in a few minutes to 2 hr., by the 
action of a small rapidly vibrating mixer-grinde: 
The type used (trade name ‘Wig-L-Bug’) is common 
in spectroscopic laboratories and was used with a 
metal vial and ball and 50-100 mgm. of samplk 
Furthermore, it was found that the same (vide supra) 
relative effectiveness in forming detectable amounts 
of the high-pressure phases was evident in the action 
of the ‘Wig-L-Bug’. Of the highest-pressure phase, 
BeF, (ceesite), only a trace was formed. Making 
allowances for the very sluggish nature of the quartz- 
cesite transition of silica and the more complex 
relation‘ and serious hydration problem in the new 
high-pressure B,O, polymorph, it appears that 
pressures in the region of 10-20,000 bars are being 


(Continued on p. 71) 
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